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Thesis abstract

The effective teaching of science is vital for prosperity, economic growth as well as
for the public understanding of important contemporary issues such as climate change. The
outcomes students achieve in school science can play an important role in their future career
paths. In Wales, science standards as well as the uptake of science subjects by students has
been an area of concern and debate for some time. The performance of Welsh learners in the
most recent Programme for International Students Assessment rankings from 2018 remained
lower than the OECD average when Wales first participated in PISA tests in 2006 and
Wales’s science scores have remained below the other nations of the UK. Additionally, in
Wales the uptake of science subjects by students has been an area of concern and debate for
some time. The learning strategies students use can have an impact on the outcomes they
achieve. Through effective learning strategies students study skills can be improved.
Research shows that using effective learning strategies has positive effects on academic
performance essential for lifelong success. The aim of the thesis was to evaluate the use of
evidence-informed learning strategies to help improve secondary students’ science

performance.

This thesis comprises five chapters. The first part of Chapter 1 explores students’
science performance in Wales, the existing literature on evidence informed learning strategies
- including definitions, utility categories, use and understanding of learning strategies by
student populations - and the limitations in the research methods used in existing studies.
There is a very limited range of research that uses robust survey methods. In the second part
of Chapter 1 we discuss survey research methods in education and present our own survey
work development for the studies presented in later chapters. Importantly this section outlines

the steps required to use probability sampling methods for selecting a random sample.
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Chapter 2 presents a survey study with science subject leaders teaching in secondary
schools in North Wales that evaluated their understanding of learning strategies and how they
communicate this to learners. Chapter 3 reports on two survey studies with secondary age
learners. Study 1 is a population based-survey that investigated the use, and understanding of,
evidence-informed learning strategies among secondary school students from a total of 29
secondary schools in North Wales. The second study is a survey evaluating the influence of
the COVID-19 pandemic on secondary age students’ independent learning practice that was
commissioned by the Welsh Government. Chapter 4 describes the development of a
programme designed to help students preparing for examinations in science. The Improving
Standards through Effective Revision (iStER) programme aimed to teach school students
about the most effective learning strategies that enhance learning and show potential to
improve academic performance. In addition, Chapter 4 presents a single blind parallel
feasibility randomised control efficacy trial of a lunchtime study and revision programme for
learning GCSE Chemistry using the iStER programme in a secondary school in North Wales
and lessons learned for a future definitive RCT. The final chapter, Chapter 5, provides a
summary of the thesis research findings and discusses their implications, strengths,

limitations and suggestions for future research in this area.

Vi
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Thesis summary
This thesis contains five chapters.

Chapter 1. The first section of Chapter 1 provides contextual information on the focus of the
thesis, including the background to the work, a review of the existing literature and the
overall aims of the thesis including definitions of key terminology. The second section
explains the rationale for the research methods we employed for the empirical studies
included in this thesis. This section also describes the preliminary survey work that was
conducted that informed the use of more robust survey designs and led to the studies outlined

in the studies in this thesis.

Chapter 2 describes a survey study with science subject leaders teaching in secondary schools
in North Wales. The aim of this study was to first evaluate the range of learning strategies
schools promote to help students learn science. At the start of this study there was no
published research with educators in secondary schools evaluating their recommendations of
evidence-informed learning strategies. We conducted a cross-sectional survey using paper-
based questionnaires with thirty-five science subject leaders attending a biannual heads of
science forum meeting in October 2018. Our findings showed that teachers encourage the use
of both high and lower utility strategies with school students, and that they have a moderate
understanding of the utility of effective strategies. The findings highlight the need for all
teachers, both trainee, newly qualified and more experienced, to gain a greater understanding

of evidence-informed learning strategies.

Chapter 3 presents two studies. Study 1 is a population-based survey of secondary school
students’ use and understanding of learning strategies and their independent learning practice
for science examinations. For this survey, we employed a random probability sampling
method for a sample selection (i.e., multistage implicitly stratified sampling). Our results
showed that the learning strategies most frequently used by secondary students were making
notes, repeatedly reading information, and highlighting [or underlining] information (i.e., less
effective learning strategies). More effective learning strategies were less frequently used by
students (i.e., retrieval and spaced practice). In addition, we found that students do not
generally have an accurate understanding of the effectiveness of the learning strategies they
frequently use. The results also highlighted the need to improve awareness about the relative
utility of learning strategies used by students, including the provision of improved guidance

on the use of more effective learning strategies. We have used these findings, along with
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other research in cognitive and educational psychology to develop a learning resource called
Improving Standards through Effective Revision (iStER) programme to educate school

students about the most effective learning strategies.

Study 2 is a survey evaluating the influence of the COVID-19 pandemic on secondary aged
students’ independent learning practice that was commissioned by the Welsh Government
(the full draft report is presented in Appendix E). During the COVID-19 pandemic school
closures, most students were required to complete schoolwork at home. Given the need for
students to work independently, we wanted to evaluate whether students’ independent
learning practice might have changed. We conducted an online cross-sectional survey with
students aged 14-15 and 16-17 years old attending secondary schools in Wales. For this
survey, we employed a multistage clustered sample design for a sample selection. The
findings were similar to our previous survey research with secondary students outlined in
Study 1 of Chapter 3 and showed that students reported using both less and more effective
learning strategies whilst learning at home. The data also suggest that students do not have an
accurate understanding about the effectiveness of some common learning strategies. This was
despite the need for students to work more independently. Importantly, these findings suggest
that students’ use and understanding of learning strategies have not changed significantly
since the start of the pandemic and highlights the need for schools to continue to improve

awareness about effective learning strategies and resources in Wales.

Chapter 4 provides a detailed description of the iStER learning resource developed during the
course of this work, as well as a single blind parallel feasibility randomised controlled
efficacy trial of lunchtime study/revision sessions for using the iStER programme to help
secondary students learn (study/revise) GCSE Chemistry. The primary aim of the feasibility
efficacy trial was to assess the feasibility of conducting a future definitive RCT. Our primary
objectives in this phase were to test the feasibility (recruitment and retention rates,
completion rates, attendance, adherence to intervention) of undertaking an experimental study
to evaluate the impact of using the iIStER programme during lunchtime study/revision
sessions to learn GCSE chemistry content. After completing training and pre-tests, we had to
stop the trial earlier than planned in March 2020 due to school closures caused by the
COVID-19 pandemic.

Chapter 5 provides an overall discussion of the main themes derived from the studies in this

thesis. This includes a discussion of the overall findings, the implications and applications,
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strengths, and limitations of the empirical research studies. The methodological challenges
experienced during the course of this work are discussed, including suggestions for future
work and the next steps for the iStER learning programme. The chapter concludes by

providing a reflection on the PhD thesis and future aims.
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Chapter 1: Introduction

Preface

Our broad aim in this doctoral thesis was to evaluate the use of evidence-informed
learning strategies to help improve the science performance of secondary school students in
North Wales. In 2013, Dunlosky et al. evaluated ten commonly used learning strategies by
student populations and provided a useful utility ranking of the learning strategies. The
findings have important implications for teaching and particularly for students’ independent
learning practice to improve outcomes they achieve. Globally, research into secondary
students’ independent learning practice is limited. In the UK, there is currently an absence of
empirical research from secondary schools that evaluates students’ study/revision practice for

GCSE qualifications, including the learning strategies evaluated by Dunlosky et al. (2013).

In the first part of this chapter, we provide contextual information on student science
performance in Wales, the importance of science study in schools, and present a review of the
literature on evidence-informed learning strategies and more broadly on students’
independent learning practice. We also outline the current gap in our understanding of
learners' independent learning practice as well as the limitations in the research methods used
in existing studies. In the second part of this chapter, we discuss survey research methods in
education and present our own survey work development for Chapters 2 and 3. In addition,
we give some context on the research methods we employed for the feasibility trial we

conducted in Chapter 4.

Students’ science performance

Figures from the previous round of Programme for International Student Assessments
undertaken in 2018 showed that the science achievement scores of 15 year old secondary
students in Wales slightly improved for the first time since a series of disappointing figures

were observed from 2009 to 2015 (Organisation for Economic Co-operation and
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Development [OECD], 2010; OECD, 2014a; Sizmur, Ager, Bradshaw, Classick, Galvis,
Packer, Thomas & Wheater, 2019). Students’ science scores in Wales remained lower than
the OECD average when Wales first participated in PISA tests in 2006, and Wales’s science
scores have remained below the other nations of the UK in the most recent PISA rankings
from 2018 (OECD, 2007; Wightwick, 2019). However, in a recent review of the sampling
strategies used for the PISA assessments, Jerrim (2021) suggested that students’ science
scores in Wales should be lower than the scores that were reported in the 2018 assessments as
due to methodological errors (i.e., survey non-response bias at the student level). Additional
thematic reports on the state of science in Welsh schools by the education inspectorate, Estyn,
highlighted the need to improve secondary school students’ science performance (Estyn,
2017).

In Wales, science standards as well as the uptake of science subjects by students has
been an area of concern and debate for some time (Wightwick, 2017a; Wightwick, 2017b). In
2017, the Minister for Education launched a £4m scheme to raise students’ standards in
science and technology in Wales. There have been many other projects partly funded by
Welsh Government to inspire students to study science subjects in further and higher
education and to encourage young students into high skilled science, technology, engineering
and maths (STEM) careers (e.g., Trio Sci Cymru, Swansea University Science for Schools
Initiative, The Welsh Valleys Engineering Project). In North Wales, the Welsh Government’s
STEM Gogledd programme was launched with the same aims to inspire and encourage

students.

Importance of Science

Science forms a key part of the school curriculum across the UK and internationally.
In the UK science has been a core subject of the school curriculum since 1989. The effective

teaching of science is vital for prosperity, economic growth as well as for the public
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understanding of important contemporary issues such as climate change. As outlined by the
OECD (2014b; 2017; 2020), a solid grounding in school science is an important prerequisite
to enable students to engage with many of the challenging issues facing contemporary
society.

In their report on the standards, provision and leadership in science at Key Stage 3
and Key Stage 4 in Wales, Estyn recommended that the Welsh Government should attract
more science graduates to teaching (Estyn, 2017). In addition, two recommendations were
made for local authorities and regional education consortia on science at Key Stage 2 and
Key Stage 2 (Estyn, 2017). First, it was recommended that tier two organisations should
provide more subject specific support for science on improving teaching and assessment, and
facilitate the sharing of good practice. Secondly, it was recommended that tier two
organisations (such as local authorities and regional consortia) should provide more support
for schools to evaluate their curricula, and plan for the development of Science and
Technology Area of Learning Experience (AoLE), as well as the changes to qualifications in
science. In response, the Welsh Government began working in conjunction with Pioneer
Schools, regional consortia and Estyn to develop the Science and Technology Area of
Learning Experience and tasked the National Network for Excellence in Science and
Technology (Welsh Government, 2017). Given the complexity and uniqueness of student
learning experiences, policy responses to help improve students' standards in science require
a variety of evidence-informed strategies and approaches. The use of evidence-informed
learning strategies for independent learning (i.e., study and revision) can play an important
role in helping students in secondary schools improve standards in science and prepare for
external science examinations.

In 2018 regional education consortia in North Wales Regional School Improvement

Service (GWE) commissioned a collaborative PhD project with the Collaborative Institute for
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Education Research, Evidence and Impact (CIEREI) in the Schools of Human and
Behavioural Sciences and Education at Bangor University. The aim of this PhD is to
investigate the use of evidence-informed learning strategies to help secondary students
improve standards in science.

This PhD research is focused on the importance of school science, in particular the
General Certificate of Secondary Education (GCSE) qualification in science. Our aim in this
PhD was to help secondary school students aged 14-15 years (in school Year 10) to improve
their school science performance using evidence-informed learning strategies. Another reason
why we chose to focus on school science was because this was a focus for enquiry alongside

our partners in the North Wales Regional School Improvement Service.

Importance of GCSE science

Students in Wales begin studying towards the General Certificate in Secondary
Education (GCSE) in Year 10. GCSEs are generally two-year programmes offering a range
of subjects, including compulsory subjects such as science, English, mathematics, and
optional subjects such as geography, history, design and technology. At the end of each
programme of study, students undertake an examination to assess their knowledge and
understanding on the science content. Importantly, the GCSE qualifications students achieve
can play an important role in their future academic and career paths, and are highly valued by
schools, colleges and universities and employers. We focused on students in Year 10 as that
was also a focus for enquiry alongside our research partners in the North Wales Regional

School Improvement Service.

Learning strategies

The use of evidence-informed learning strategies for independent learning (i.e., study
and revision) can play an important role in helping learners in secondary schools prepare for

external examinations. Learning strategies can be described as the methods students use to
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promote learning and understanding of key content and ideas on their own, usually in
preparation for low stakes and/or high stakes summative assessments. Oakes and Griffin
(2016) describe learning strategies as the activities students undertake for their independent
work — that is, how they go about learning key content and ideas on their own outside of the
classroom without help from teachers, to understand and recall content. Research has shown
that students’ use a variety of learning strategies to help them study in preparation for
examinations (Dirkx et al., 2019; Karpicke, Butler & Roediger, 2009). Examples of some
commonly used learning strategies by student populations include repeated reading
approaches, summarising (making notes), completing retrieval practice activities and
highlighting or underlining information (Dirkx et al., 2019; Karpicke, Butler & Roediger,
2009).

Although research has documented on students’ use of learning strategies, it is
important to understand whether these are indeed effective ways to learn (i.e., does the use of
these strategies improve academic performance?). Several studies have shown that using
retrieval practice is related to higher exam scores, whilst highlighting information is related to
lower exam scores (Bartozewski & Gurung, 2015; Gurung, Weidert & Jeske, 2010; Hartwig
& Dunlosky, 2011; Rodrigues, Rivas, Matsumura, Warschauer & Sato, 2018). Moreover, we
now know from an important comprehensive review of the research evidence on learning
strategies by Dunlosky et al. (2013) which learning strategies are rated as high-, moderate-,
and low utility. Dunlosky et al. (2013) arranged the ten commonly used learning strategies
based on how effective the strategies generalise across a range of key variables (e.g., learning
conditions, student characteristics, materials and criterion tasks). Of the ten learning
strategies evaluated two strategies were identified as high utility (practice testing [note that
we use the term retrieval practice in this thesis] and distributed practice [note that we use the

term spaced practice in this thesis]), three strategies were identified as having moderate utility
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(interleaved practice, elaborative interrogation, and self-explanation), and five strategies were
identified as having low utility (summarising, highlighting [or underlining], using keyword
mnemonics, imagery use for text learning and repeatedly reading information). These
findings have important implications for learning and teaching and for students’ independent
learning practice.
Thesis aims and objectives

The main aim of this thesis is to evaluate the use of evidence-informed learning
strategies to help improve secondary students’ science performance. This thesis will examine
the way in which we can promote the use of evidence-informed learning strategies to help
improve secondary students’ independent learning practice in preparation for GCSE science
examinations. The purpose of our survey studies was a scoping exercise and to collate
evidence that would help inform our next steps in the PhD in terms of developing guidance
for secondary students on evidence-informed learning strategies, such as a learning
programme for students in secondary school settings to help students with independent

learning. The specific objectives for the empirical studies in this thesis were as follows:

1. To undertake a survey evaluating science subject leaders' understanding and
recommendations of evidence-informed learning strategies to help students revise for
science.

2. To undertake a population-based survey evaluating secondary students’ use and

understanding of study and revision strategies for science examinations.

3. To undertake a feasibility randomised controlled trial of a lunchtime study/revision

session to learn GCSE chemistry using the iStER programme.

In this research, we focused on the evaluation of six of the learning strategies

described by Dunlosky et al. (2013) as well as three other commonly used learning strategies

10
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identified in the literature on students’ study practice. Table 1.1 presents the learning

strategies included in this study and their relationship with other terms used in the research

literature.

Table 1. 1 Overview of commonly used learning strategies evaluated in the current thesis®

Learning strategy

Terms used in present
study

Terms used by

Dunlosky et al. (2013)

Description

Highlighting or
underlining information

Repeatedly reading
information

Making notes

(summarising)

Spaced practice

Doing practice tests

Highlighting/underlining

Rereading

Summarisation

Distributed practice

Practice testing

11

To mark out important content (i.e.,
key words, text) of the to be learned
material with a bright/different colour
while reading

Reading information over and over

Writing notes/summaries (of various
lengths) of the information to be
learned

Implementing a schedule of
study/revision practice where study
time is separated into multiple
sessions overtime. Reviewing
learning materials studied earlier in
later sessions.

(i.e., retrieval practice) Retrieving
information from memory in absence
of the information to be remembered
by using practice tests, past papers,
quizzes, flashcards (or any other
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Learning strategy

Terms used in present  Terms used by Description
study Dunlosky et al. (2013)
activity which involves actively
retrieving information from memory
Interleaved practice Interleaved practice Mixing study of different, related

Elaborate encoding®

Using mind maps®

Using flashcards

topics, concepts or problems.
Implementing a schedule of study
practice that mixes different kind of
skills, subjects or topics within a
single study session

Connecting what you are trying to
learn to what you already know (e.qg.,
using mnemonics). Making
connections between information to
be learned and other information.

Writing down a key topic, and from
this creating links composed of
keywords, phrases, concepts, facts
and figures. Mind maps are typically
presented as diagrams.

Writing key terms, facts or to be
learned information on small cards.
Flashcards are typically two-sided
with the prompt / question appearing
on one side and the information about
the prompt / answer on the other).

Note. This thesis assessed the use of six strategies evaluated by Dunlosky et al. (2013). In
the present thesis, three additional learning strategies identified in the literature on student
study habits were also included (elaborate encoding, using flashcards and using mind maps).
bcdNeither of these strategies were recognised in the review by Dunlosky et al. (2013).
dUsing flashcards and doing practice tests can be used as retrieval practice activities.
However, in the present study, we analysed using flashcards and doing practice tests

separately.

12
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There is some variability between the definitions and terms of the learning strategies
evaluated in the current thesis studies and in Dunlosky et al.’s (2013) review. In particular,
there is some variability between the terms used in Dunlosky et al. 's (2013) review and the
Effective Revision and Study Strategies Questionnaire (ERaSSQ) we developed to measure
students’ use of learning strategies (Chapters 3 and 4). In the following section we highlight
some of these differences and explain the reasons for the amended definitions of three of the
learning strategies evaluated in the current thesis compared to those used in Dunlosky et al.

(2013). The three strategies are presented below:

1. Making notes (summarising). Dunlosky et al. (2013) used the term summarisation,
and in this thesis we preferred the term ‘making notes (summarising)’. We used the
term ‘making notes’ because students in the schools we worked with were more
familiar with this term as opposed to the term summarising. Also, summaries can be
of various lengths (i.e., can consist of single words, sentences, or longer paragraphs).
As earlier researchers have pointed out, ‘summarisation’ is not one strategy but a
family of strategies’ (Pressley, Johnson, Synnons, McGoldrick & Kurita, 1989, p.5).
Moreover, in similar studies with secondary and university students evaluating the use
of learning strategies among student populations, there is some variability between the
definitions used for summarisation by those authors and in Dunlosky et al.’s review
(2013) (Biwer et al., 2020; Dirkx et al., 2019). In the study by Dirkx et al. (2019) with
secondary students, one of the examples used for the learning strategy, summarising,
from students’ responses to the open-ended questions was write down important
information, which we consider to represent the noting down of information and ideas
(i.e., making notes). In a more recent study by Biwer et al. (2020) with university

students, the authors defined summarising as, writing down main points from a text.

13



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

2. Spaced practice is the term used in this study in preference to the term distributed
practice used by Dunlosky et al. (2013). The term spaced practice is also widely used
in the literature.

3. Inour study with students presented within Chapters 3 and 4 we used the term doing
practice tests to refer to retrieval practice in the ERaSSQ survey. Dunlosky et al.
(2013) used the term practice testing. However, throughout this thesis we use the term
retrieval practice to refer to the terms doing practice tests and practice testing. This is
because there are many ways in which this strategy can be applied, it was therefore

important to use a term which captures all such retrieval practice activities.

In this thesis we also evaluated students’ use and understanding of three additional
learning strategies identified in the literature on students’ study practice (Blasiman et al.,
2017; Debbag et al., 2021; Garwood et al., 2018; Hartwig & Dunlosky, 2012; Morehead et
al., 2016; Safar et al., 2014; Oakes & Griffin, 2016; Ying et al., 2017). These strategies were
using flashcards, using mind maps and elaborate encoding. Using flashcards and mind maps
are more versatile strategies in terms of how they can be applied by students. For this reason,

we have provided some additional information on these strategies below:

4. Using flashcards. Flashcards are a versatile study stool and can be used in more than
one way. Flashcards can be used as a retrieval practice activity (e.g., students can read
a question, and then practise recall of the answer), as a repeated reading approach
(e.g., students can write down information, facts and then repeatedly read over the
information) or as study tools for making notes (e.g., students can write notes on a
flashcard).

5. Using mind maps is a common learning strategy used by students in the schools we
worked with and in schools in the UK (Safar et al., 2014; Oakes & Griffin, 2016).
This is a more versatile learning strategy in terms of how it can be used. Mind maps

14
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can be used as an effective method to take notes, as a repeated reading approach
(students can write down information, facts and then repeatedly read over the

information).

Evidence-informed learning strategies

In the following section we provide additional information on the two most effective
strategies (i.e., retrieval and spaced practice), which were the focus of the current PhD studies
and the iStER learning programme we developed to help students with independent learning
(presented within chapter 4). As discussed earlier on, the utility ratings for the learning

strategies are from Dunloskty et al. (2013).

Retrieval practice

Retrieval practice is a learning strategy based on retrieving information from memory
(i.e., practising recall) in absence of the information to be learned. The process of retrieval
(i.e., recalling information to mind) strengthens the memory for that information, leading to
enhanced long-term learning and improved recall of the information that was retrieved (Bjork
& Bjork, 2011; Roediger & Karpicke, 2006). Examples of retrieval practice activities include
completing quizzes, class tests, past papers exam questions, using flashcards, writing notes

from memory.

In an important study on retrieval practice, Roediger and Karpicke (2006),
investigated the effects of retrieval practice versus restudying material with university
students. In two experiments, students read prose passages and either repeatedly read the
passage or used retrieval practice to learn the information. Findings from both experiments
showed that after a five-minute delay, students’ performed better on the free recall tests after
initially repeatedly reading the text. However, after longer delays (i.e., 2 days, or 1 week
later) students’ performance was greater when they engaged in initial retrieval practice. Their
findings indicated that retrieval practice has a powerful effect on long-term retention and

15
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suggest that using retrieval practice for study promotes better long-term learning.
Importantly, Roediger and Karpicke’s (2006) study led to a resurgence of interest in the
testing effect, with researchers exploring the use of retrieval practice as a learning strategy in

applied educational settings for improving educational practice.

Retrieval practice is also referred to as the ‘testing effect’. This describes the finding
that being tested on information can result in better recall of the information. The key feature
in all retrieval activities is that information is actively recalled from memory and not
passively re-read. Researchers have used other terms to refer to retrieval practice including
self-testing, practice testing (Dunlosky et al., 2013). One reason why researchers might have
used different terms is because retrieval practice is a learning strategy which can be applied

in more than one way (i.e., due to the varying forms of retrieval practice activities that exist).

More recent reviews of the evidence (i.e., systematic and meta-analytic reviews) on
retrieval practice have showed that retrieval practice improves student learning outcomes in
university and school settings with educational material and can reduce test anxiety in
secondary school students (Agarwal, Nunes, Blunt, 2021; Agarwal, D’ Antonio, Roediger,

McDermott & McDaniel, 2014; Sotola & Crede, 2021; Yang et al., 2021).

In education settings, the use of retrieval practice is already an established method
used as part of general classroom instructions. For example, tests and quizzes are different
forms of retrieval practice activities and are frequently used by educators to assess student
learning for formative and/or summative purposes. However, in this form educators have
traditionally used retrieval practice for assessing student learning for summative or

diagnostics purposes rather than as a learning strategy.

In this thesis, we aim to first assess the use and understanding of this effective

learning strategy among teachers and students in secondary school settings. Information on

16
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teachers’ and students’ use and understanding of learning strategies for independent learning
can provide insight and understanding on how teachers promote this effective learning
strategy, and how students use effective strategies. In addition, this will provide valuable
evidence to inform guidance on how to best promote effective learning strategies in schools
as part of the next phase of this research. It will also provide valuable evidence to inform our

school improvement partners advice to schools on the most effective learning strategies.

Spaced practice

Spaced practice is a learning strategy based on when students should practise recalling
knowledge and/or ideas. It involves spacing out study sessions over time and reviewing
previously learnt information in successive sessions. This can help to slow down the rate of
forgetting newly learned information leading to enhanced learning. This learning strategy is
underpinned by the forgetting curve and has been shown to be effective for learning by
subsequent research on the spacing effect (Ebbinghaus, 1885/2006; Bahrick et al., 1993). In
this thesis we aim to first assess the use and understanding of this effective learning strategy
among teachers and students in secondary school settings.

There is now an accepted consensus in the research literature that retrieval and spaced
practice are effective, higher utility learning strategies that can help students learn new
material (Dunlosky et al. 2013; Yang et al., 2021). In addition, various books and teacher
resource guides, plus a growing number of web-based and smartphone programmes that
focus on the use of spaced practice and retrieval strategies in schools (e.g., CogSciSci

[https://cogscisci.wordpress.com/]; Research Schools Network

[https://researchschool.org.uk/news/effective-retrieval-practice-what-should-we-consider];

Seneca [https://senecalearning.com/en-GB/]). The aim of this collaborative PhD research was

to improve the quality of students’ independent learning skills in preparation for GCSE

science examinations. Before providing guidance on evidence-informed learning strategies

17


https://cogscisci.wordpress.com/
https://researchschool.org.uk/news/effective-retrieval-practice-what-should-we-consider
https://senecalearning.com/en-GB/

EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

and developing new learning resources for students, an important first step was to review the
existing research on students’ use of learning strategies. In the following paragraphs we
outline the literature, including the research on what learning strategies are promoted in

educational settings.

Recommendation of learning strategies from educators

The use of evidence-informed learning strategies has become an important subject
both in teacher continuing professional development (CPD) circles and also researcher-driven
websites and fora aimed at getting evidence into education (e.g., The Learning Scientists

[https://www.learningscientists.org/], Unleash the Science of Learning

[https://www.retrievalpractice.org/], Bringing cognitive science to the science classroom

[https://cogscisci.wordpress.com/], Ferlazzo, 2021). School teachers are an important source

of information and guidance for students as they prepare to learn and revise for examinations.
To increase the use of evidence-informed learning strategies in schools, it is important to
understand what learning strategies teachers are promoting and what they understand about
effective learning strategies. Studies showed that university instructors promote both less and
more effective learning strategies and have a moderate understanding about evidence-
informed learning strategies (McCabe, 2018; Piza, 2018; Morehead et al., 2016). Previous
published research on instructors’ recommendations and understanding of learning strategies
is limited to surveys of higher education instructors and there remains a paucity of research
evaluating the strategies teachers most commonly promote in schools (McCabe, 2018; Piza,

2018; Morehead et al., 2016).

Recently, Surma et al. (2022) conducted a survey with newly qualified secondary
teachers in Belgium on their recommendations and understanding of effective learning
strategies such as retrieval and spaced practice. The findings of Surma et al. (2022) showed

that secondary these teachers understood the effectiveness of higher utility learning strategies
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such as retrieval and spaced practice. However, Surma et al. (2022) also found that these
higher utility strategies were recommended less frequently by the teachers, compared with
lower utility strategies such as summarising. There is currently no research in the UK that has
evaluated the learning strategies promoted by teachers in secondary schools. It is important to
know which learning strategies are currently being promoted by teachers in secondary
schools and also students’ use, and understanding of, these strategies. The aim of this thesis is
to close this knowledge gap. Within Chapter 2 we outline a cross-sectional survey we
conducted with science subject leaders in North Wales. Our survey with science teachers
aimed to evaluate the learning strategies science subject leaders promote in schools to help
students revise in preparation for science examinations. Importantly, this information will
help our project partners provide additional guidance to schools to help students access and

use more effective learning strategies.

Students’ use and understanding of learning strategies

Despite the need for learners to rely on learning strategies for their independent
learning activities, and the growing body of literature highlighting evidence-informed
learning strategies, there are currently only two published studies that have attempted to
investigate the use of learning strategies by secondary aged students in mainstream school
settings (Agarwal et al., 2014; Dirkx et al., 2019). Most of the earlier research on the use of
learning strategies is limited to surveys of undergraduate students across a variety of
disciplines including the social sciences, medicine, pharmacy and dentistry (Bartozewski &
Gurung, 2015; Biwer, Egbrink, Aalten & de Bruin, 2020; Blasiman, Dunlosky & Rawson,
2017; Gurung et al., 2010; Hartwig & Dunlosky, 2011; Karpicke et al., 2009; Kornell &
Bjork, 2007; McAndrew, Kamboj & Pierre, 2015; McAndrew, Morrow, Atiyeh & Pierre,
2016; Pefa, Knecht & Gavaza, 2021; Piza, 2018; Rodriguez et al., 2018; Schmidmaier et al.,

2011; Susser & McCabe, 2013; Morehead, Rhodes & DelLozier, 2016).
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In 2014, Agarwal et al. conducted the first survey with secondary school students in
the United States and found that these students relied on less optimal learning strategies (i.e.,
repeated reading approaches), compared to more effective ones such as retrieval practice.
Agarwal et al. 's (2014) study also showed that secondary students reported using retrieval
practice (i.e., an effective learning strategy) as a diagnostic tool to evaluate their learning,
rather than as a method to actually learn information. This was despite students’ participating
in a classroom-based retrieval practice intervention where learners completed retrieval
practice activities for the duration of one academic year (i.e., clicker quizzes). Although
Agarwal et al.’s (2014) study was the first to explore the use of learning strategies by
secondary school students, the survey responses were based upon data collected from
students at the end of an experimental study on retrieval practice (i.e., an effective learning
strategy), and this may have influenced students’ responses.

A more recent survey with secondary school aged learners was undertaken with
students in the Netherlands and revealed that these school students similarly relied on less
optimal learning strategies (i.e., repeated reading approaches and making notes) for
independent learning (Dirkx et al., 2019). Interestingly, Dirkx et al. 's (2019) study also found
school students did not rely on highlighting information (i.e., a less effective learning
strategy). This finding contrasted with earlier studies with university students which
consistently showed students highlighted information as a learning strategy. Previous
research in school settings outside the UK has established that secondary age students rarely
make use of the most effective learning strategies (Agarwal et al., 2014; Dirkx et al., 2019).
There is currently no research on the use of learning strategies in schools in Wales, and
research into this field in the UK more widely is underdeveloped.

There has been some school based enquiry work carried out by Oakes and Griffin

(2016) on the study practice of school aged students in the UK. In a book by Oakes and
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Griffin (2016) the authors briefly report findings from a survey undertaken in schools with
students following Advanced Level courses (aged 16 to 17 years). Oakes and Griffin’s
findings showed these students similarly relied on less optimal learning strategies (i.e.,
reading approaches and highlighting information) for their independent learning.

In addition, no single study exists that has explored secondary students’ understanding
of learning strategies. If we are to make recommendations of evidence-informed strategies or
develop interventions using evidence-informed strategies for learners, it is equally important
to investigate students’ understanding of learning strategies. This information will help us to
understand the potential barriers to students’ using more effective learning strategies (i.e.,
lack of awareness about more effective learning strategies, insufficient knowledge about the
efficacy of the learning strategies they commonly use). Studies in university settings have
shown that undergraduate students’ have limited knowledge of effective learning strategies
and they primarily use retrieval practice (i.e., an effective learning strategy) as a diagnostic
tool to evaluate their learning, rather than as a method to actually learn information (Hartwig
& Dunlosky, 2012; Kornell & Bjork, 2007; Kornell & Son, 2009; McAndrew et al., 2016;
McCabe, 2011; Morehead et al., 2016; Piza, 2018; Schmidmaier et al., 2011). In a recent
survey Blasiman et al. (2017) asked university students to rate the effectiveness of various
learning strategies, and findings showed less optimal learning strategies were rated as
effective by the highest proportion of students (i.e., reading and highlighting notes). Our aim
in this thesis was to close this knowledge gap. Our survey studies with secondary students
presented within Chapter 3 focused on both the use and understanding of learning strategies.

Another issue with prior research on secondary and university students’ study practice
is that previous research has used non-probability sampling methods (i.e., convenience
sampling) and, therefore, did not include a random sample of learners. A limitation of this

approach is that the results from previous studies are likely to be biased towards over- or
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under-reporting due to students who were more- or less interested in independent study and in
improving their independent study skills and therefore more likely to take part in the survey.
In Wales and other countries in the UK, science classes are commonly arranged according to
student ability (i.e., more academically able students typically follow triple science award,
with the remaining students generally following the double science and BTEC/applied
science qualifications). It was important, therefore, to ensure that the sample of students in
this study was representative of students of different academic abilities. As part of our
literature review on students’ use of learning strategies and our preliminary survey work
(discussed below), we recognised that the use of non-probability sampling techniques is
widespread among survey research within education. In this thesis we elected to use

probability sampling methods to improve the quality and generalisability of survey findings.

Independent learning skills and other key aspects of independent study

In addition to educating students about effective learning strategies, students would
also benefit from learning about independent learning practice (i.e., what is study, revision)
and other key aspects of independent learning such as investing effort (i.e., time) towards
independent learning, activities to help students develop the habit of independent practice, as
well evidence-informed approaches, study tools to apply effective learning strategies. A
combination of these aspects is important for students to incorporate effective learning
strategies into their daily practice and become independent life-long learners. Oakes and
Griffin (2016) proposed five behaviours and characteristics that all students need to be
successful, including vision, effort, system, practice and attitude. These five qualities form

the acronym for the VESPA system.

School-based support with independent learning

It is important that schools have an appropriate repository of resources available to

help learners use more effective learning strategies for independent learning. We have
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previously discussed how teachers are an important source of information for learners and
previous studies with university students has shown that students more commonly rely on
less effective strategies. To increase the use of effective learning strategies, it is important to
identify what provision is currently in place for students in schools. There are currently no
studies which have evaluated the provisions of study/revision support in schools (i.e., support

centres). Our aim in this thesis is to close this knowledge gap (Chapters 2 and 3).

Improving the quality of study designs in education research

Much of the earlier surveys using probability methods has been limited to large-scale
international evaluations such as the PISA studies and Trends in International Mathematics
and Science Study (TIMSS) (OECD, 2007; OECD, 2010; OECD, 2014;
[https://nces.ed.gov/timss/datafiles.asp]. There is a lack of published research describing the
use of probability sampling methods for smaller scale surveys in education research which
aims to improve the generalisation of findings to wider populations of school students in a
specific region (e.g., North Wales). Importantly, the use of more robust survey design
methodologies is an important first step towards the generation of more trustworthy education
research outputs. Therefore, one of the main aims of this thesis was to use probability
sampling methods to obtain more generalisable findings. Importantly, employing such a
sampling methodology will provide a useful model for other researchers to consider in
education research. There have been some smaller scale population based-surveys with
school students that used probability methods undertaken by organisations such as the
National Centre for Social Research (NatCen) and the National Foundation for Educational

Research (NFER) using survey statisticians (The Information Centre, 2007).

Preliminary survey work

This section aims to provide the rationale for the research methods we employed for

the empirical studies included in the thesis chapters 2, 3 and 4. In this section we begin by
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reporting on our pilot survey work with secondary students which played a key role in the
development of our surveys with teachers and students outlined within chapters 2, 3 and 5.
We then describe the methodologies we used for our surveys with school students and
teachers, and provide the rationale for the survey designs we employed (i.e., sampling

method, sample size calculation).

Survey measure development

We developed the Effective Revision and Study Strategies Questionnaire (ERaSSQ)
(see Appendix A) to measure secondary students’ independent learning practice. There were
existing measures for assessing students’ use of learning strategies such as the Motivated
Strategies for Learning Questionnaire (MLSQ) (Pintrich et al., 1991). However, MLSQ did
not include the learning strategies recently evaluated by Dunlosky et al. (2013), nor other
commonly used study tools by students (i.e., using flashcards, mind maps), nor questions on
students’ understanding of learning strategies. We also wanted to measure school-based
support for students’ study/revision skills and the MLSQ does not cover this aspect. We also
wanted to know what learning strategies secondary teachers were promoting to students, and
whether there was a demand from students to be provided with more information about
evidence-informed learning strategies.

Importantly, collating this information would also help us decide whether there is a
need for us to develop additional guidance and resource materials on independent learning
skills for educators and learners in secondary schools. Therefore we designed the ERaSSQ to
incorporate these additional requirements (e.g., students’ use and understanding of these
common learning strategies for science, effort towards independent learning and school-
based support with study/revision). The survey items on the use and understanding of
learning strategies were informed by previous research on students’ study practice (Blasiman

et al., 2017; Dunlosky et al., 2013; Karpicke et al., 2009; Kornell & Bjork, 2007). Another

24



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

key aspect of students’ study practice identified following a review of the literature was the
effort learners make towards independent learning. The survey items on effort towards
independent study were informed by Oaks and Griffin’s (2016) 1-10 effort scale.

Between June and July 2018, we piloted the ERaSSQ with 535 students (aged 14 to
17 years) attending five secondary schools in North Wales. Although we were able to obtain
responses from 535 students, we used a non-probability (or non-random) sampling technique
(i.e., convenience sampling) for a sample selection. A limitation of this approach is the
survey findings are biased. Given that our aim was to pilot the ERaSSQ survey in the early
stage of the PhD, convenience sampling was an appropriate technique for our purpose.

In the following section we describe the survey methodologies we used for our survey
studies presented within Chapters 2 and 3. We explain the methodologies we used for our
empirical studies in this thesis. We begin with the survey studies presented within Chapters 2

and 3.

Survey research methods in education

Despite the increasing use of evidence within education, there remains a paucity of
accessible guidance surrounding sample size-calculation and survey designs for designing
school based-surveys. There are many useful guides and textbooks written on survey research
methods for clinical research, and sampling and sample size calculations for survey research
that can be adapted for school-based surveys (for sample size calculation see Fox, Hunn &
Mathers, 2007; De Vaus, 2014; Fowler, 2013; Pazzaglia, Stafford & Rodriques, 2016). In a
book by De Vaus (2014) on survey research methods the author outlined some key terms in
survey research methods that have technical meanings, and it is important to understand these
terms before discussing sampling techniques. These terms include a census, population, a
sample and sampling frame. In survey terminology a census is obtained by collecting

information about every member of a group that is the population. Population refers to the set
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of members that the sample is meant to represent. The population is usually defined by the
researchers for the study. A sample is obtained by collecting information about some
members of the population. Once the target population has been established for the study, the
next step is to obtain a sampling frame, which is a list of the population members. From this
list we obtain a sample using an appropriate sampling technique. In addition, it is important
that the term target population is not confused with study population. The study population is
the population whom we want to study about, whereas the target population is the population
that will complete the study research questions.

Fox, Hunn and Mathers (2007) outlined that in some situations it is not necessary to
select a sample. If the study population are rare, or make up 1000 or less, then the researchers
might decide to survey every population member. There are two crucial steps in survey
research studies which attempt to make generalisation from the study results to the wider
target population. These are sampling and sample size calculation (Fox, Hunn & Mathers,
2007). There are two broad sampling techniques, including random (probability) sampling
and non-random (non-probability) sampling. There are different probability sampling
methods including simple random sampling, systematic sampling, stratified random
sampling, cluster (or multistage) sampling (Fox, Hunn, Mathers, 2007; De Vaus, 2014).
Often given the needs of the study, researchers might combine and use more than one
sampling technique known as complex sample designs (i.e., multistage cluster sampling)

(Chapter 3).

In the following section we describe these two crucial survey steps within the context
of our own surveys undertaken for the current thesis, and outline how we employed these for

our survey studies with school students and teachers (Chapters 2 and 3).

A pilot survey of secondary school science leaders’ understanding and recommendations of
study and revision strategies for science
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We were interested in first exploring science subject leaders’ understanding and
recommendations of learning strategies to students for science revision from a representative
sample of science teachers in secondary schools in North Wales. In survey research methods
an important first step is to clearly define the target population (i.e., say who is a member and
who is not a member) (De Vaus, 2014). We defined the target population for our study with
science subject leaders as school teachers responsible for the science department in
mainstream secondary schools in North Wales. There are fifty-four maintained secondary
schools in North Wales, with one science teacher appointed as the subject leader in each
school. Thus, there were fifty-four science subject leaders in North Wales. Given the small
number of science subject leaders it was not necessary to select a sample nor was it necessary
to calculate a sample size (Fox, Hunn & Mathers, 2007). In this circumstance we planned to
complete the survey with every member of the target population. In survey research methods
a survey which involves inviting every member of the target population is informally known
as a census non-response survey. We undertook our survey with the science subject leaders at
the biannual heads of science forum meeting in October 2018. As we were able to contact the
science subject leaders directly at the meeting (and could obtain a list of the teachers email
contacts from our project partners), there was no complex survey design. Within chapter 2 we

present our survey study with science subject leaders in North Wales.

A Survey of Secondary School Students’ Use and Understanding of Study and Revision
Strategies for Science Examinations

We wanted to explore secondary school students’ use and understanding of learning
strategies. For this survey we used a multistage implicitly stratified sampling method for a
sample selection and the objective of the survey was to gather responses from a
representative sample of students attending secondary schools in North Wales (Chapter 3).

The survey was designed in three phases as follows:
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Step 1: Defining the target population

First, we defined the target population for our survey with students as school students
aged between 14 and 15 years studying external science qualifications (i.e., GCSE’s or
BTEC) in mainstream secondary schools in North Wales. Following ethical approval, we
obtained a list of all the secondary schools and student (numbers) from the North Wales
Regional School Improvement Service. In survey terminology this list is known as the

sampling frame.

Step 2: Sample size calculation

In the academic year 2018/2019, there were 6,900 school students in Year 10 studying
GCSE science in mainstream maintained secondary schools in North Wales. A survey with
all students in Year 10 was not practical due to the financial and logistical demands. In
addition, a challenge of applied research in school settings often requires removing students
from timetabled lessons. Therefore, it was important to find a way of reducing the number of
students to include in the study without biasing our survey findings. At the time of designing
the survey we could find no guide on sample size calculation for surveys in education
research. A precise mathematical formula is available for calculating the sample size in
clinical research which we used for our survey with students (e.g., the Sampling and Sample
size Calculation guide produced by the National Institute for Health Research Research
Design Service, 2007). We calculated a sample size of 924 school students aged between 14
and 15 years following statistical guidelines in the Sampling and Sample size Calculation
guide produced by the National Institute for Health Research Research Design (Fox, Hunn &
Mathers, 2007), as well as advice on the calculation from a survey statistician. We planned
our sample size on a student population of 6,900, with a desired precision of 0.03, and using
the most conservative assumed element variance with a 95% confidence interval. The sample

size formula and calculation for our survey with students is contained within Appendix B.
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Step 3: Sampling

We used a multistage implicitly stratified sampling method to generate a sample
selection. In the first stage of the sampling process, we invited all fifty-four mainstream
maintained secondary schools in the six local authorities in North Wales to participate in the
survey. This ensured all schools in the region irrespective of size, language category and
geographical location participated. In the second stage, we selected a sample of students
proportionate to the total number of students in the Year 10 cohort from an anonymised list of

students provided by each of the 29 schools that replied.

To ensure that the sample of students represented different ability levels, we
employed a stratified sampling method. We asked the school science contact to order the
anonymised list of students according to the science qualification they were studying (e.g., all
students studying triple GCSE science were listed first, followed by all students studying
double GCSE science and then all students studying BTEC and/or applied GCSE science).
The science qualification information was then used as an indicator of students’ academic
ability in school science (i.e., more academically able students typically follow the triple
science award, with the remaining students generally following the double science and BTEC
and/or applied science qualifications). Every nth student was then selected on the list (after a
random starting point was generated). This allowed every eligible school student an equal
chance of selection and allowed representation of each ability level in the final sample for

each school in its correct proportion.

The Influence of the COVID-19 Pandemic on the Progress of Students’ Independent Learning
Practice in Wales

This survey evaluated the influence of the COVID-19 pandemic on secondary aged
students’ independent learning practice and was commissioned by the Welsh Government.
During the COVID-19 lockdown school closures resulted in the vast majority of students
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completing school work from home. Given that students were learning from home we were
interested in exploring the influence of the pandemic on students’ independent learning
practice. For our survey with students during the pandemic we used a multistage clustered
sample design for a sample selection. The target population for our second survey with
secondary learners was students aged 14-15 and 16-17 years (Year groups 10 and 12) in
mainstream middle and secondary schools in Wales. We used a different sampling method to
our previous survey with secondary students due to different study populations and aims (i.e.,
multistage clustered sample design). Our second study with students was a larger survey
involving mainstream schools with students aged 11 to 16 across Wales. An advantage of this
sampling approach (i.e., multistage clustered sampling) was that it was practical and would
help minimise disruption and would not create any additional work for schools in terms of

providing lists of classes, students.

Survey weights

An advantage of using probability sampling methods is that researchers can make
several survey weighting adjustments to compensate for survey non-response and for unequal
selection probabilities (to ensure the findings better represent the population it is designed to
represent). Survey weights are also used for surveys involving more complex sampling

methods. The use of survey weights is discussed further in Chapter 3.

Complex samples analysis

For surveys using complex sample designs (i.e., multistage sampling), it is important
to analyse the data using software programmes which incorporate the survey design and any
additional variables (i.e., weighting variable, cluster variable, stratification variable) to
produce correct estimates. Without these the estimates will not be accurate. The survey data
were analysed using SPSS Complex Samples (version 25). In addition, we also used the

‘survey’ package in R for analysing complex samples described in Chapter 3. It is worth
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noting that there is a paucity of useful research articles and guides on using SPSS Complex
Samples, there is a useful article by Zou et al. (2020). In addition, there have been some

useful video guides on how to use SPSS Complex Samples (European Social Survey, 2021).

Randomised controlled trials in education

The two most commonly used experimental designs for a randomised controlled trial
(RCT) in education research include either simple or cluster randomisation (Connolly et al.,
2017). In the simple/individual design, students are assigned to condition of intervention or
control at the individual level. In the cluster RCT the school or class will be the unit of study
with intervention delivered to an entire class or even school. In education research trials the
clustered RCT design is a more widely adopted design because students are grouped in
classes as part of their daily school activities, to minimise any unnecessary class disruption
and because often it is practically not possible to separate students individually for the

purpose of a trial during timetabled school lessons.

Our survey studies presented within Chapters 2 and 3 suggested that students would
benefit from receiving training in effective learning strategies. Our surveys also indicated that
both students and teachers were interested in students receiving more information about
effective learning strategies to help students with independent learning. Within Chapter 4 we
describe the learning resource we developed called improving standards through effective
revision (iStER) and report our evaluation of the lunchtime study/revision programme to
learn GCSE chemistry using the learning resource in an individually randomised feasibility
controlled efficacy trial with secondary school students in North Wales. The iStER learning
resource is aimed at secondary school students aged 14-16 years. The iStER programme is
designed to inform students about evidence-informed learning strategies, as well as raise
awareness about and normalise independent learning (i.e., study/revision). The iIStER

programme furthermore provides a system and materials, iStER resource packs, to help
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students to apply effective learning strategies (i.e., spaced practice and retrieval practice),
using evidence informed approaches (i.e., Leitner system) and organise their independent
learning. The programme ran for 5 weeks and was delivered by the research student. In total
thirty-four students were recruited for the efficacy trial, and were then randomly allocated, on
an individual basis, to the intervention, chemistry study, or waiting list control groups.

Given that the learning resource was new and had not been evaluated prior, it was
important to undertake a small-scale study with one secondary school. A clustered RCT
design with one school and student classes as the unit of study, would have resulted in
contamination through peer learning. However, adopting a clustered RCT design would
require more than one school, at this stage our aim was to assess feasibility rather than
evaluate effectiveness. For such reasons we designed the lunchtime study/revision sessions
for students to use the iStER learning resource with all resources collected by the research
student at the end of each session. Given that the sessions were organised outside of
timetabled lessons (i.e., during lunchtime) it was possible to separate students individually for

the purpose of our efficacy trial.
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Chapter 2: A Pilot Survey of Secondary School Science Leaders’ Understanding
and Recommendations of Study and Revision Strategies for Science

Preface

There is currently a lack of research surrounding the learning strategies teachers in
schools encourage students to use for study/revision, and into teachers’ understanding of
evidence-informed learning strategies. In this chapter we present a survey in which we
investigated the recommendation and understanding of evidence-informed learning strategies
among science subject leaders, teaching science in secondary schools in North Wales. Our
results showed that there is no clear trend on which learning strategies science teachers in
secondary schools promote, teachers reported that they encouraged the use of a mixture of
common learning strategies, including both low and high utility strategies. Our findings have
important implications for schools, policymakers, providers of initial teacher education
programmes. It is important for the relevant stakeholders to know that teachers in schools are
clearly promoting high utility strategies, however, they also promote lower utility strategies,

and have a moderate understanding about the utility of effective learning strategies.
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Introduction

The use of effective learning strategies can play an important role in the learning
outcomes students achieve. Research suggests that two strategies, retrieval practice and
spaced practice, are more effective for improving learning outcomes for students (Agarwal et
al., 2021; Dunlosky et al., 2013; Karpicke & Roediger, 2006). Despite the growing evidence
supporting effective learning strategies, there is a lack of empirical research on the
recommendations of learning strategies provided by school teachers to students in
mainstream educational settings for independent learning (Surma et al., 2022). Furthermore,
very little research has reported on teachers' understanding of effective learning strategies
(Perry et al., 2021; Surma et al., 2022). The present study aims to address this research gap by
conducting a survey with secondary school science subject leaders (senior teachers) to
explore their understanding of common learning strategies, and what strategies they promote
to students. The primary aims of this study were to evaluate: (1) Which learning strategies do
secondary school teachers promote to help students study and/or revise in preparation for
science examinations? (2) What is teachers knowledge of learning strategies (i.e., what
teachers understand to be the most- and least-effective learning strategies and their views
about the research evidence supporting common learning strategies)? The secondary aim of
this study was to identify how schools support teachers to encourage students to use these

strategies?

What are learning strategies?

Learning strategies can be described as the methods students use to promote learning
and understanding of key content and ideas on their own, usually in preparation for low
stakes and/or high stakes summative assessments. In an important review of the research
evidence on learning strategies, Dunlosky et al. (2013) evaluated ten commonly used learning

strategies and arranged these into low, medium and high utility categories based on how
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effective the strategies generalise across a range of key variables (e.g., learning conditions,
student characteristics, materials and criterion tasks). Two strategies were identified as high
utility (practice testing [note that we use the term retrieval practice here to include all
activities involving the recall of information from memory] and distributed practice [note that
we use the term spaced practice here]), three strategies were identified as having moderate
utility (interleaved practice, elaborative interrogation and self-explanation), and five
strategies were identified as having low utility (summarising, highlighting [or underlining],
using keyword mnemonics, imagery use for text learning and repeatedly reading
information). These findings have important implications for effective study strategy use by

students in schools.

Teachers use and understanding of learning strategies

Teachers in schools are the main source of information and ideas about the academic
subject being studied, and also an important source of information about how best to learn
and revise for tests and examinations. Given teachers' critical role in all aspects of learning, it
is important to understand more about what study approaches they recommend to students.
Much of the existing research in this area has been limited to surveys of higher education
instructors’ recommendations of learning strategies to university students (McCabe 2018;
Piza, 2018; Morehead et al., 2016). Studies in university settings showed higher education
instructors promote the use of both less and more effective learning strategies to students
(i.e., retrieval practice activities, repeatedly read information, and outlining information while
reading) (McCabe 2018; Piza, 2018; Morehead et al., 2016). To date, there are few studies
that have evaluated secondary school teachers’ recommendations of commonly used learning
strategies to school aged students (Surma et al., 2022). Surma et al. 's (2022) survey of newly

qualified secondary school teachers showed most respondents reported recommending
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summarising (i.e., a low learning strategy) and less than half recommended using retrieval
practice (i.e., more effective learning strategy).

A key factor that might influence whether effective learning strategies are promoted
and are successfully implemented by educators include their understanding of learning
strategies (i.e., what educators understand to be the most- and least-effective learning
strategies and their views about the research evidence supporting common learning
strategies). Studies in university settings have showed that higher education instructors have a
moderate understanding of evidence-informed learning strategies, and primarily promote
retrieval practice (i.e., an effective learning strategy) to students as a means to assess their
learning (i.e., to obtain feedback on their learning) and not as a method to promote actual
learning and understanding (McCabe 2018; Piza, 2018; Morehead et al., 2016). McCabe
(2018) asked heads of academic support centres to rate how effective they believed various
learning strategies promoted to students were for study. Findings showed instructors ranked
retrieval practice and spacing practice (i.e., higher utility learning strategies) as effective for
study. However, other less effective strategies were also rated as effective by these instructors
(i.e., reading course materials).

In a recent study with school teachers, Surma et al. (2022) assessed secondary school
teachers' knowledge of effective learning strategies and found that these teachers understood
the effectiveness of evidence-informed learning strategies such as retrieval practice, spaced
practice and interleaving. However, Surma et al.’s (2022) survey also found these effective
learning strategies were recommended less frequently by secondary teachers. The authors
noted that the inconsistency between novice teachers’ recommendation and understanding of
effective learning strategies may be due to the question format in such surveys (e.g., open-
format with teachers reporting the strategies, or closed-format with teachers selecting

strategies from a predefined list) might influence teachers reports of strategy use. In Surma et
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al.’s (2022) survey, the question on recommending learning strategies was an open-ended
question in which teachers had to list the three learning strategies they would recommend to
students which required recall from memory without any prompt. In contrast, their survey
question on the effectiveness of the learning strategies was a closed question in which the
effective strategies were listed, therefore only required recognition, which might have acted
as a prompt for teachers.

In an earlier study, Perry et al. (2021) explored school teachers’ understanding of five
evidence-informed learning strategies, including spaced practice, interleaved practice,
retrieval practice, dual encoding, and strategies to manage cognitive load. Findings showed
that school teachers reported that they have higher knowledge of retrieval practice compared
to spaced practice and interleaved practice. Perry et al. (2021) also asked teachers to rate how
important they believed the strategies were for effective teaching and learning, and found
retrieval and spaced practice were rated as being most important for effective teaching by the
highest proportion of teachers. Their study also revealed that most of the teachers believed
that there is firm scientific evidence to support all or most of the strategies investigated in
their study. However, Perry et al.’s survey did not report on teachers use, nor their
understanding of, a variety of other commonly used learning strategies in education (i.e.,
those recently evaluated by Dunlosky et al. [2013]), nor on the recommendations of strategies
teachers make to students for independent revision. In addition, their survey used
convenience sampling, as opposed to a random sample of teachers. It is possible, therefore,
that their results were biased towards over-representation of teachers who were more
interested in the application of cognitive science strategies in schools, and evidence-informed
learning strategies in general (a caveat also mentioned by the authors).

In the current study we focused on the learning strategies that relate to how students

learn. These strategies included those recently evaluated by Dunlosky et al. (2013). Prior
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survey research on the implementation of learning strategies by instructors in educational
settings has assessed how educators recommend various study skills and lifestyle habits (e.g.,
time management skills, studying with friends) alongside the learning strategies (Piza, 2018;
McCabe, 2018; Morehead et al., 2016). Although study skills are important factors for
promoting learning and achievement in students, it is important to make the distinction
between aspects of study concerned with lifestyle and study skills and those concerned with
learning strategies alone (i.e., how students learn). Importantly, this will help us understand
the extent to which teachers’ recommendations of learning strategies are consistent with the

evidence base in this field.

Methods
Participants

The target population for the current survey was science teachers who are the subject
leaders for science in secondary schools in North Wales. There are 54 local authority
maintained secondary schools in the region, and this study aimed to survey all fifty-four
heads of science. This approach was taken due to the availability and convenience of being
able to meet all the science leaders during their regional forum meeting where it was possible
to administer the survey in person. The cross-sectional survey was carried out by the first
author at the autumn term biannual heads of sciences forum meeting in October 2018. Ethical
approval for this study was obtained from the Research Ethics Committee of Bangor
University (ethical approval number: 2018-16316), and all survey materials were made

available in both English and Welsh.

Ethics
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Ethical approval for this study was obtained from the Research Ethics Committee of
Bangor University (ethical approval number: 2018-16316), and all survey materials were

made available in both English and Welsh.

Survey procedure

A convenient time was arranged to conduct the survey with the science subject
leaders during their regional meeting. The first author explained the purpose of the study and
presented the participants with information about the study and obtained written informed
consent from all the participants. The survey questionnaire was issued in paper format to be
completed during the meeting. To conclude, all participants were given a verbal debrief about
the study together with a study debrief handout. Completion of the survey questionnaire was
self-paced and the participants required approximately ten minutes to complete the
questionnaire. Participation in the survey was voluntary, and the science teachers were not

remunerated for their participation in the survey.

Survey measure

We used the Effective Revision and Study Strategies Questionnaire (ERaSSQ)
developed for teachers with the science subject leaders. We created the ERaSSQ survey using
an online survey software programme named Online Surveys

(https://www.onlinesurveys.ac.uk/). We developed the questionnaire to measure secondary

school teachers’ understanding of evidence-informed learning strategies and how they
recommend these to school students. The survey items were developed following a review of
the literature on instructor and student understanding, and recommendation of learning
strategies (Blasiman et al., 2017; Kornell and Bjork, 2007; McCabe, 2018; Morehead et al.,

2016; Piza, 2018).
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The format of the survey items were closed-ended with a predefined set of ten
learning strategies, and open-ended to give science subject leaders the opportunity to report
any additional information about the learning strategies they promote. Of the learning
strategies listed in the survey items, seven were identified from Dunlosky et al.’s (2013)
review of common learning strategies. These strategies are: highlighting and/or underlining
information or text; repeatedly reading information or notes, making notes (summarising),
spaced practice, doing practice tests, interleaved practice, keyword mnemonic. Three
additional learning strategies identified in the literature, and commonly used by
students/promoted in schools were also included in the survey; using flashcards, using mind
maps and elaborate encoding. The questionnaire was piloted to a convenience sample of six
science teachers, teaching at two secondary schools in North Wales in July 2018. Following
the pilot of the survey, the survey items were revised with new items added to obtain a more
comprehensive insight into science teachers’ understanding of evidence-informed learning
strategies.

The final version of the survey consisted of 16-survey items divided into three
sections: Section One contained 6 items, and asked about recommendations of learning
strategies provided by teachers, as well as teachers’ understanding of learning strategies (i.e.,
knowledge of effective learning strategies, what teachers understand to be the most and least-
effective strategies and views of the research evidence supporting learning strategies);
Section Two contained 6 items, and asked about school based support for teachers to help
students with revision (i.e., sharing good revision practice with teachers, availability of
information about learning strategies,), as well as demand for information about evidence-
informed learning strategies; and, Section Three contained 4 items which covered
demographic information (i.e., number of year(s) working in current position, number of

year(s) working as a science teacher, field of science speciality and highest level of
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education). A description of the survey items from the teacher version of the ERaSSQ is
given below.

Survey item one measured how often teachers promote the ten common learning
strategies to students in their science class. For this survey item, teachers were presented with
the ten learning strategies and were asked to indicate on a 5-point Likert scale, from never (1)
to always (5), how often they recommended each of the listed learning strategies to students
in their science class. The teachers also had the option to list a learning strategy(ies) that was
not mentioned in the list (survey item two).

Survey item three measured the teachers’ understanding/beliefs about the
effectiveness of the common learning strategies. For this survey item, teachers were
presented with the ten learning strategies and were asked to indicate on a 5-point scale, from
not effective (1) to extremely effective (5), how effective they believed the learning strategies
listed were for students to learn science. The teachers also had the option to list a learning
strategy(ies) that was not mentioned in the list (survey item four).

Survey item five measured the teachers’ views on the research evidence supporting the
ten learning strategies. For this survey item, teachers were presented with the ten learning
strategies and were asked to indicate on a 5-point Likert scale, from not sure (1) to strong
research (5), what their views were on the research evidence supporting the learning
strategies listed.

Survey item six measured the teachers’ understanding of retrieval practice. For this
survey item, teachers were told to imagine that they have finished teaching a science topic
and are planning to administer a science assessment to students, and were then asked to
choose one of three options that best reflected their reason for why students should complete
the assessment (i.e., a form of retrieval practice activity). Existing research suggests that

retrieval practice activities can be used in more than one way (i.e., as a diagnostic tool to
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evaluate learning or as an effective learning strategy), it was therefore important for us to
assess the teachers primary motive for promoting retrieval practice activities to students.

Survey item seven measured whether teachers discuss effective learning strategies
with their colleagues (i.e., share good practice) to help students with science revision. For this
survey item the teachers were asked to indicate using a ‘yes’ and ‘no’ response whether they
discussed learning strategies with their science colleagues.

Survey item eight measured support for teachers about learning strategies (i.e.,
information on evidence-informed learning strategies). For this survey item the teachers were
asked to indicate using a ‘yes’ and ‘no’ response whether they are being provided with
information about learning strategies. The teachers also had the option to mention the
name(s) of the key provider(s) of this information on learning strategies (survey item nine).
The final survey items (survey item ten and eleven) measured the demand for information
about effective learning strategies to help students with revision.

Data analysis

During survey administration, a typographical error on the wording of the response
scale for survey item one was identified (i.e., response option 2 [very often] was missing the
word ‘not’, it should have read ‘not very often’ to mean ‘rarely’). As a result, the response
categories for survey item one were collapsed following guidelines in the Surveys in Social
Research textbook (De Vaus, 2014). Instead of using survey item one to measure how often
the heads promoted the common learning strategies, it was modified to measure rather if the
teachers promoted the use of the learning strategies listed. Using this approach, the response
options 2 (very often), 3 (sometimes), 4 (most of the time) and 5 (always) were combined
into one new category (i.e., did recommend the strategy) and the original first response option
(never) was reclassified as did not recommend the strategy. This approach was adopted

contrary to treating the data as contaminated data, as this survey question provided valuable
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information on how school teachers recommend more- and less effective learning strategies.
We subsequently inputted and analysed the data using SPSS (version 25). No weighting

procedure was used.

Analysis of open-ended responses

The analysis aimed to identify additional learning strategies teachers promote to
students for revision. All responses to the open-ended questions were initially analysed by the
first author to develop a draft list of categories to classify the responses into. Instructions
about the new categories alongside all the responses were then provided to the second author
to independently classify into the categories. Agreement was assessed and any discrepancies
discussed with changes made to the categories if necessary. Once the categories were
finalised the first author classified all the responses into the new categories.

In addition to the ten learning strategies listed in the ERaSSQ survey for teachers, we
gave teachers the opportunity to report any additional learning strategy(ies) they
recommended to students. The first author evaluated all responses to the open-ended
questions and constructed separate categories for responses that were not one of the ten
learning strategies assessed in the survey. Although some of the teachers’ responses were
considered to be examples of one of the ten listed strategies (e.g., to make notes, to use
retrieval practice), we decided to construct separate categories for all the open-ended
responses as this provided valuable information on how teachers adapt strategies they

promote, and on teachers’ understanding of learning strategies.

Results
Response rates

In total, 35 science subject leaders participated in the survey, generating a total of 35
completed questionnaires. This represents a response rate of 64.8 per cent. The characteristics

of the participating science teachers are presented in Table 2.1.

43



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

Table 2. 1 Characteristics of the participating science subject leaders

Participating science

teachers
Variable n %
Education (highest level) Bachelor's degree 6 17.1
PGCE™* 22 62.9
Master's degree 5 14.3
Doctoral degree 2 5.7
Subject (primarily teaching) Biology 16 47.1
Chemistry 13 38.2
Physics 5 14.7
Year(s) working as science teacher 6 to 10 years 5 14.3
11 to 15 years 7 20.0
16 to 20 years 11 314
21 to 25 years 7 20.0
26 to 30 years 3 8.6
Over 30 years 2 5.7
Year(s) working as science subject 0 to 5 years 22 62.9

leader
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Participating science

teachers
Variable n %
6 to 10 years 6 17.1
11 to 15 years 6 17.1
Over 20 years 1 2.9

Note. *PGCE = Post Graduate Certificate in Education. PGCE is an academic qualification
designed for prospective primary and secondary school teachers in the UK.

Which learning strategies do secondary school science subject leaders promote to school

students for revision?

The primary aim of this survey was to assess which learning strategies secondary

school science leaders recommended to students for science revision. Table 2.2 shows the 10

learning strategies, and the percentages of science teachers reporting recommending (or not

recommending) the learning strategies, arranged from most to least recommended.

Table 2. 2 Presents the frequencies and percentage scores for science leaders’
recommendations of the common learning strategies (Survey ltem One)

Learning strategy Recommend Do not Total
recommend
n % n % n %
Making notes (summarising) 34 100.0 34 97.1
Doing practice tests 34 100.0 34 97.1
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Learning strategy Recommend Do not Total
recommend
n % n % n %
Using mnemonics 34 100.0 34 97.1
Highlighting/underlining 34 100.0 34 97.1

notes/information

Spaced practice 33 97.1 1 2.9 34 97.1

Repeatedly reading 33 97.1 1 2.9 34 97.1
information/notes

Using mind maps 32 97.0 1 3.0 33 94.3
Using flashcards 31 91.2 3 8.8 34 97.1
Elaborate encoding 28 84.8 5 15.2 33 94.3
Interleaved practice 28 82.4 6 17.6 34 97.1

Note. Doing practice tests is a form of retrieval practice activity. We use the term practice
tests to refer to retrieval practice. We used the term spaced practice to refer to distributed
practice. Learning strategies are arranged from most to least recommended, based on
percentage scores. Data are analysed at the individual level.

The qualitative data from the free responses-question about any additional learning
strategy(ies) that the science teachers reported promoting to students to use for science
revision were classified into eight categories, and the percentage of teachers with a response
in each category was computed (survey item two). The eight categories, including examples

from each category, are presented below.
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To complete other retrieval practice activities using offline learning resources. Of
the respondents, four (16.7%) subject leaders reported that they recommended students to
undertake other retrieval practice activities (i.e., any activity involving recall of information
from memory). For example, being tested by others, completing quizzes/past paper questions,
peer to peer questioning, and so forth.

To use online and/or smartphone learning resources (e.g., BBC Bitesize,
GCSEPod, WJEC) or offline learning resources (such as revision guides). A total of eight
(33.3%) subject leaders reported that they recommended students to use web-based and/or
smartphone learning resources without specifying how these learning resources were
promoted to learn the content (e.g., revision apps, BBC Bitesize, web based apps, online
activities).

To use online learning resources to complete retrieval practice activities. A total
of two (8.3%) subject leaders reported that they recommended students to use web-based
and/or smartphone learning resources to complete retrieval practice activities (e.g., Kahoot,
completing multiple choice quizzes online, completing retrieval activities using Roulette).

To watch and/or listen to learning resources. A total of five (20.83%) subject
leaders reported that they would recommend students to watch and/or listen to learning
resources (e.g., on YouTube, Twigworld, Khan academy).

To make notes. In total two (8.3%) subject leaders reported that they would
recommend students to make notes using post-it/sticky notes and colour coding notes.

To teach and/or study with others. In total three (12.5%) subject leaders reported
that they also promoted students to teach others and/or study with others (e.g., peers, friends,
family, study groups).

To complete skills development activities. In total six (25.0%) subject leaders

reported that they also promoted students to complete activities to develop exam skills (e.g.,
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knowing the skills needed to perform well and/or to answer questions, knowing the command
words).

Other activities. In total one (4.2%) subject leader reported promoting one of the
common learning strategies assessed in the present study in a different way (e.g., colour

coding notes).

Teachers’ ratings of the effectiveness of common learning strategies (what do teachers
understand to be the most- and least-effective learning strategies?)

In this survey, we also aimed to evaluate what science teachers’ understand to be the
most- and least-effective learning strategies. Table 2.3 shows the 10 learning strategies, and
the teachers’ ratings of their perceived efficacy of the learning strategies for learning (higher
mean scores indicated that the teachers rated the strategy as more effective).

Table 2. 3 Presents the mean scores for science leaders’ perceived efficacy of the learning
strategies (Survey Item Three)

Learning strategy X SE
Doing practice tests 4.32 0.1
Spaced practice 3.93 0.1
Elaborate encoding 3.82 0.1
Using flashcards 3.57 0.1
Making notes (summarising) 3.50 0.2
Interleaved practice 3.43 0.2
Using mind maps 3.18 0.1
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Learning strategy X SE
Repeatedly reading information/notes 3.11 0.2
Highlighting/underlining information/notes 3.07 0.2
Using mnemonics 3.07 0.2

Note. Teachers’ ratings of their perceived efficacy of the listed learning strategies were made
on a 5-point scale, from not effective (1) to extremely effective (5). Higher scores indicated
that the teachers rated the learning strategies as more effective.

The qualitative data from the free response-question about any additional learning
strategy(ies) that the teachers reported that they believed were effective were also classified
into six broad categories (survey item four). The six categories, including examples from each
category, are presented below.

To complete other retrieval practice activities using offline learning resources. Of
the respondents, three (37.5%) subject leaders reported that they believed undertaking other
retrieval practice activities were effective (i.e., any activity involving recall of information
from memory). For example, being tested by others, completing quizzes/past paper questions,
peer to peer questioning, and so forth.

To use online and/or smartphone learning resources (e.g., BBC Bitesize,
GCSEPod, WJEC) or offline learning resources (such as revision guides). In total two
(25.0%) subject leaders reported that they believed using web-based and/or smartphone
learning resources without specifying how these learning resources were effective to learn the
content (e.g., revision apps, BBC Bitesize, web based apps, online activities).

To use online learning resources to complete retrieval practice activities. In total
one (12.5%) subject leader reported that they believed using web-based and/or smartphone
learning resources to complete retrieval practice activities were effective (e.g., Kahoot,

completing multiple choice quizzes online, completing retrieval activities using Roulette).

49



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

To watch and/or listen to learning resources. In total one (12.5%) subject leader
reported that they believed watching and/or listening to learning resources were effective
(e.g., on YouTube, Twigworld, Khan academy).

To teach and/or study with others. A total of two (25.0%) subject leaders reported
that they also believed students teaching others and/or studying with others were effective
(e.g., peers, friends, family, study groups).

To complete skills development activities. A total of two (25.0%) subject leaders
reported that they believed completing activities to develop exam skills were effective (e.g.,
knowing the skills needed to perform well and/or to answer questions, knowing the command

words).

What are secondary school science teachers’ understanding about the research evidence
supporting common learning strategies?

To measure science subject leaders’ understanding of the research evidence
supporting the 10 learning strategies, we asked the teachers to indicate how much research
evidence they think there exists to support using the 10 learning strategies. Table 2.4 shows
the 10 learning strategies, and teachers’ ratings of how much research evidence they think
there exists to support the learning strategies for learning (higher mean scores indicate that

the teachers rated the strategy as being more evidence-informed).

Table 2. 4 Presents the mean score for science leaders’ understanding of the research
evidence supporting learning strategies (Survey Item Five)

Learning strategy x SE
Doing practice tests 3.34 0.3
Elaborate encoding 3.10 0.3
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Learning strategy X SE
Repeatedly reading information/notes 2.97 0.2
Making notes (summarising) 2.97 0.2
Keyword mnemonics 2.97 0.3
Spaced practice 2.93 0.3
Using flashcards 2.90 0.2
Using mind maps 2.90 0.2
Interleaved practice 2.79 0.3
Highlighting/underlining information/notes 2.38 0.2

Note. Teachers’ ratings on their understanding of the research evidence supporting the listed
learning strategies were made on a 5-point scale, from not sure (1) to strong research (5).
Higher scores indicate that the teachers rated the learning strategies as having more robust
evidence (i.e., evidence-informed).

Teachers’ understanding of the benefit for using retrieval practice

Table 2.5 shows the various reasons teachers might promote doing summative
assessments (i.e., a retrieval practice activity), and the percentages of teachers endorsing each
option. Note that we used the term summative assessments in the ERaSSQ because this is a
common form of retrieval practice activity teachers use.

Table 2. 5 Presents the percentage scores for science leaders’ reasons for promoting
retrieval practice activities to students (Survey ltem Six)

Response option (reason) %
Doing a assessment will help the pupils learn more than through reading over 12.1
and over
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Doing a summative assessment will help pupils figure out how well they have 81.8
learnt the information they are studying

I do not think doing a summative assessment will necessarily benefit the 6.1
pupils

Do secondary science subject leaders discuss learning strategies with their science
colleagues? Are secondary school science teachers currently being provided with support
(i.e., information about evidence-informed learning strategies) to help students with revision?
Is there a demand for information about evidence-informed learning strategies?

To further evaluate whether there is a need to provide additional information and
support to teachers on evidence-informed learning strategies, we asked teachers about the
current provision of learning strategies in schools (survey item seven, nine, eleven and
twelve). Table 2.6 shows the percentages of science subject leaders who reported whether
they discussed learning strategies with their colleagues in the science department, the
percentages of teachers reporting whether teachers were being provided with information
about learning strategies, and percentages of teachers interested in receiving information
about evidence-informed learning strategies.

Table 2. 6 Percentage scores for science leaders’ responses to the survey questions about

current provision and demand for evidence-informed learning strategies (Survey Item Seven
to Twelve)

Survey item Response n %
option
Do you discuss revision strategies with your colleagues in the Yes 33 100.0

science department?

No
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Survey item Response n %
option
Do you think science teachers are being provided with Yes 17 515

information about revision strategies?

No 16 485

Do you think there is currently a need to provide science Yes 35 100.0
teachers with information about effective revision strategies?

No
Would you be interested in obtaining information about Yes 34 971
evidence-based revision strategies to help pupils learn science
more effectively?

No 1 2.9

We aimed to identify where teachers’ knowledge of learning strategies came from by
asking teachers to list all the sources that had provided them with information about revision
strategies. We identified six sources that had provided science subject leaders with:
information about revision strategies. The organisations were (1) higher educational
institutions; (2) examination boards; (3) school improvement service providers; (4) school
based support; (5) Social media platforms, researcher-driven websites and fora; (6) their own

enquiry based research.

Higher education institutions. A total of three (21.4%) subject leaders reported that
they were being provided with information on revision strategies from higher education

institutions (e.g., Bangor University).
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Examination boards. A total of five (35.7%) subject leaders reported that they were
being provided with information on revision strategies from examination boards (e.g.,
WIJEC).

School improvement service providers. A total of eight (57.14%) subject leaders
reported school improvement service providers (e.g., the School Improvement Service for
North Wales [GWE]) provided them information on revision strategies.

School based support. A total of three (21.42%) subject leaders reported schools
provided them information on revision strategies (i.e., sharing good practice with colleagues,
sharing good practice between schools).

Social media platforms, researcher-driven websites and fora. In total three,
(21.42%), subject leaders reported they obtained information on revision strategies from
social media platforms and researcher-driven websites and fora (e.g., Twitter, CogSciSci

[https://cogscisci.wordpress.com/]).

Teachers’ own research. In total one (7.14%) subject leader reported they obtained

information on revision strategies from their own research.

Discussion
In this study, we report results of the first survey to assess the learning strategies
science subject leaders promote to school students for science revision in the UK, as well as

teachers' understanding and awareness of the research evidence supporting these strategies.

What learning strategies do teachers promote?

Our results showed that science subject leaders promoted the use of retrieval practice
and spacing practice (i.e., more effective learning strategies) and these strategies were rated
as being effective strategies by the teachers. Less effective learning strategies (i.e.,

highlighting and/or underlining notes or information and repeatedly reading information)

54


https://cogscisci.wordpress.com/

EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

were also promoted by most of the science subject leaders. However, these strategies
received lower ratings for effectiveness from the science subject leaders. These findings align
closely with the outcomes reported by Piza (2018), McCabe (2018) and Morehead et al.
(2016) who found that instructors reported recommending both less- and more-effective
learning strategies to students. Due to the typographical error, we could not evaluate how
often teachers promoted the common learning strategies. Future research evaluating how
often teachers promote common learning strategies will provide a more useful indicator of
the strategies promoted by teachers.
Teachers understanding of learning strategies

The findings from this study show that science subject leaders perceived completing
practice tests and spaced practice (i.e., effective strategies) as effective learning strategies,
and repeatedly reading information and highlighting and/or underlining notes or information
(i.e., less effective strategies) as moderately effective strategies. This study is the first to
report on secondary school teachers’ self-reported beliefs about the effectiveness of learning
strategies. An earlier study by McCabe (2018) on heads of academic support centres beliefs
about the efficacy of learning strategies revealed that instructors ranked completing practice
tests, making notes and spacing practice as effective strategies, and repeatedly reading
information, highlighting and/or underlining notes as moderately effective. In Dunlosky et al.
's (2013) review of learning strategies, only practice testing and spaced practice received high
utility ratings (i.e., were more likely to be useful for learners as effective learning strategies).
Our findings on secondary school teachers’ perceived efficacy of learning strategies align
with the findings of McCabe (2016) and suggest that school teachers have a moderate
understanding of the effectiveness of learning strategies.

Our study also included data on science subject leaders’ understanding of the research

evidence supporting learning strategies. The results showed that most of the subject leaders’
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are aware of the research evidence underlying the ten listed learning strategies. There were
minor differences in subject leaders’ perceptions of the research evidence between the
learning strategies.

Although our data showed that science subject leaders perceived completing practice
tests (i.e., effective strategy) as an effective learning strategy, results from our study also
revealed that the majority (81.8%) of the teachers reported that they promote summative
assessment to help students evaluate their learning (i.e., to identify what they know and/or
don’t know). Similarly, data from Piza (2018) and Morehead et al. (2018) on university
instructors’ reasons for recommending practice tests revealed that most of the instructors
reported that they promoted practice tests to students due to the benefits of receiving
diagnostics feedback from completing the tests. Teachers’ recommendation of retrieval
practice-based activities to help students evaluate learning may be because teachers have
traditionally used tests and quizzes (i.e., different forms of retrieval practice activities) for
formative and/or summative purposes (i.e., for assessing student learning). Therefore,
teachers might not be aware of the advantage of promoting retrieval practice as a learning
strategy in itself. These findings highlight the need to inform secondary school teachers about
the learning advantage of retrieval practice activities.

Our current study has important policy and practice implications for both schools,
school improvement professionals and also providers of teacher initial education. For
providers of teacher initial education it is important that course programmes equip early
career teachers with the relevant knowledge and understanding about more effective learning
strategies. Our results also suggest that secondary school teachers would benefit from
receiving training about effective learning strategies to help students study and revise more
effectively. Importantly, findings from this study also indicate that secondary teachers would

welcome more information and guidance about effective learning strategies, and nearly all
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the teachers in our survey (97.1%) reported that they were keen to receive information about
effective learning strategies. In addition, almost half (48. 5%) reported that they did not have
access to relevant information on effective learning strategies.

The outcomes of this study provide important recommendations for how teachers in
schools can improve the quality of advice and support offered to students on effective
learning strategies. Teachers should highlight the following three points about learning
strategies: (1) Which are the effective learning strategies and which are the less effective
strategies?; (2) What are the benefits of using retrieval and spaced practice as learning
strategies (i.e., how effective strategies promote learning)?; and (3) How does each strategy
work (i.e., what are the practical ways to use effective strategies?)

Limitations

It is unfortunate that there was a typographical error on the wording of the response
scale for the survey item assessing how often teachers promoted the common learning
strategies (survey item one). Due to this error, we were unable to evaluate how frequently
teachers promoted the learning strategies. By assessing how often teachers promote the
learning strategies, it would have been possible to obtain a more valid indication of strategy
recommendations. Despite the smaller sample size, this study achieved a response rate of
64.8%. However, the current survey focused exclusively on the subject leaders for science,
future studies could usefully explore understanding and recommendations of learning
strategies among both trainee science teachers and science teachers who are not the heads for
science. A larger scale evaluation is needed on science teachers understanding and
recommendation of learning strategies. We suggest further research whether with trainee, or
science teachers who are not the heads for science should use more robust survey designs to
help us obtain more generalisable findings and thereby, improve the quality of evidence we

use for decision-making.
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Chapter 3

Study 1: A Survey of Secondary School Students’ Use and Understanding of
Study and Revision Strategies for Science Examinations

Sultana, F., Watkins, C. R., Al Baghal, T., & Hughes, J. C (in prep). A Survey of Secondary
School Students’ Use and Understanding of Study and Revision Strategies for Science

Examinations. Manuscript in preparation

Preface

By evaluating the existing literature on students’ study practice (Chapter 1) we
identified that most of the previous research studies used non-probability sampling methods
(i.e., convenience sampling). There is currently a distinct lack of empirical research on
secondary school students’ use and understanding of evidence-informed learning strategies
for independent learning. Previous studies on school students’ study practice did not address
students’ understanding of learning strategies (i.e., knowledge of effective learning strategies,
and what students understand to be the most- and least- effective strategies), or how schools
support students to use learning strategies. Moreover, the generalisability of much published
research on students’ study practice is limited due to the sampling methodology employed by
previous studies (i.e., convenience sampling). This led us to use more robust survey
methodologies (i.e., probability sampling techniques) to select a random sample of learners

aged 14-15 years olds studying in mainstream maintained secondary schools in North Wales.

This chapter contains two studies. Study 1 is a population based-survey in which we
investigated use and understanding of evidence-informed learning strategies among
secondary school students from a total of twenty-nine secondary schools in North Wales. In
addition, we investigated the effort students’ make towards independent learning (i.e., study
and revision), and the support they receive from schools for study/revision. We conducted a
cross-sectional survey using paper-based questionnaires. A multistage implicitly stratified
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sampling method was used for a sample selection. We present findings from a regionally

representative sample of secondary school students in North Wales.

The second study is a survey evaluating the influence of the COVID-19 pandemic on
secondary age students’ independent learning practice that was commissioned by the Welsh
Government. During the COVID-19 pandemic school closures, most students were required
to complete schoolwork at home. Given the need for students to work independently, we
wanted to evaluate whether students’ independent learning practice might have changed. We
conducted an online cross-sectional survey with students aged 14-15 and 16-17 years old
attending secondary schools in Wales. For this survey, we employed a multistage clustered
sample design for a sample selection. The findings were similar to our previous survey
research with secondary students outlined in Study 1 of Chapter 3, and showed that students

reported using both less and more effective learning strategies whilst learning at home.

Study 1 is the manuscript of the paper that we have prepared to submit for publication
in the Journal of Research in Science Teaching. Study 2 is the full draft version of the report
that we have submitted to Welsh Government. With the permission of Welsh Government we

have the authority to share the second study in the current thesis (Appendix E).
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Abstract

There is currently no population-based survey evaluating secondary school age
students’ use, or understanding of, learning strategies for independent study. There is
also no research evaluating the effort students make towards independent study, nor
how schools support students with study and/or revision strategies. In this paper we
report data from a representative sample of 385 14-15 year old students from 29
secondary schools in the UK, using the Effective Revision and Study Strategies
Questionnaire (ERaSSQ) survey. We conducted a cross-sectional survey using a
multistage implicitly stratified sampling method. Our results show that the learning
strategies most frequently used by students were making notes, repeatedly reading
information, and highlighting or underlining information (i.e., less effective learning
strategies). Our data also suggest many students do not have a complete understanding
of the strategies that are known to be more effective. These results are of interest to
secondary school teachers and education policymakers.

Keywords: retrieval practice; spaced practice; learning strategies; secondary school

students; independent study and revision
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Introduction

Using effective learning strategies in schools is an essential factor in improving
educational outcomes for students. EXxisting research indicates that strategies such as retrieval
and spaced practice are likely to be more effective in helping students achieve learning goals
(Adesope, Trevisan & Sundararajan, 2017; Agarwal, Nunes & Blunt, 2021; Dunlosky,
Rawson, Marsh, Nathan, & Willingham, 2013; Karpicke & Aue, 2015; Roediger & Karpicke,
2006; Sotola & Crede, 2020). Despite the growing evidence supporting effective learning
strategies, there remains a paucity of empirical research surrounding secondary school-aged
students’ use of learning strategies for independent study and/or revision. Prior research on
school students’ study practice has focused on the use of learning strategies, and there are
currently no studies that have evaluated secondary school students’ understanding of
effective learning strategies, or how schools support students to use learning strategies
(Agarwal, D’ Antonio, Roediger, McDermott & McDaniel, 2014; Dirkx, Camp, Kester &
Kirschner, 2019). There is also very little research that has reported on the effort students
make towards independent study and revision (i.e., time spent studying and revising)
(Agarwal et al., 2014; Oakes & Griffin, 2016).

The generalisability of much published research on students’ study practice is
hampered by the use of non-probability sampling methodologies (i.e., convenience
sampling), and the present study aims to address this research gap by conducting a
population-based survey with secondary school students. The primary aims of this study were
to evaluate: (1) Which learning strategies do students use to study and/or revise in preparation
for science examinations? and (2) What are students’ understanding of some commonly used
learning strategies? The secondary aims of this study were to identify: (1) How much time do
secondary school students invest to study and revise independently to prepare for science

examinations? and (2) Which learning strategies do school teachers encourage students to use
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for study/revision, and how schools support students to use these strategies? This survey was
conducted in collaboration with the Regional School Effectiveness and Improvement Service

for North Wales (GWE).

Learning strategies

Oakes and Griffin (2016) describe learning strategies as the activities students
undertake for their independent work, in other words, how they go about learning key content
and ideas on their own outside of the classroom without help from teachers. Examples of
commonly used learning strategies include repeated reading approaches (i.e., repeatedly
reading a core subject textbook or class book in order to understand and recall the content),
completing retrieval practice activities (such as quizzes or attempting to answer previous
exam papers), and making notes (e.g., key note taking, summarising text) (Dirkx et al., 2019;
Karpicke, Butler & Roediger, 2009).

Over recent years there have been significant contributions to the research literature
on learning strategies (Coe, Aloisi, Higgins & Major, 2014; Gorard & See, 2016; Moran &
Malott, 2004; Rosenshine, 2012; Weinstein, Madan & Megan, 2018), several books and
resources (Agarwal et al., 2014; Roediger, McDaniel & McDermott, 2020; Carey, 2015;
Carpenter & Agarwal, 2020; Horvath, Lodge & Hattie, 2016), and a growing number of web-

based and smartphone programmes (e.g., Quizlet [https://quizlet.com/en-gb], Kahoot

[https://kahoot.com/] and Quizziz [https://quizizz.com/]). Several studies have shown that
using effective learning strategies is related to improved outcomes in examinations, whereas
the use of less effective strategies is related to poorer outcomes (Bartozewski & Gurung,
2015; Gurung, Weidert & Jeske, 2010; Hartwig & Dunlosky, 2011; Rodriquez, Rivas,

Matsumura, Warschauer & Sato, 2018).
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In an important review of the evidence on learning strategies, Dunlosky et al. (2013)
evaluated ten commonly used learning strategies and arranged these into low, medium, and
high utility categories based on how effective the strategies generalise across a range of key
variables (e.g., learning conditions, student characteristics, materials and criterion tasks). Of
these ten learning strategies, two strategies were identified as high utility (practice testing
[note that we use the term retrieval practice here to include all activities involving the recall
of information from memory] and distributed practice [note that we use the term spaced
practice here]), three strategies were identified as having moderate utility (interleaved
practice, elaborative interrogation and self-explanation), and five strategies were identified as
having low utility (summarising, highlighting [or underlining], using keyword mnemonics,

imagery use for text learning and repeatedly reading information).

Use and understanding of learning strategies

There is a lack of published research describing the use of learning strategies in
mainstream educational settings by secondary age students (Agarwal et al., 2014; Dirkx et al.,
2019). Previous studies are limited to surveys of undergraduate students, mainly in the social
sciences, medicine, pharmacy and dentistry (Bartozewski & Gurung, 2015; Biwer, Egbrink,
Aalten & de Bruin, 2020; Blasiman, Dunlosky & Rawson, 2017; Gurung et al., 2010;
Hartwig & Dunlosky, 2011; Karpicke et al., 2009; Kornell & Bjork, 2007; McAndrew,
Kamboj & Pierre, 2015; McAndrew, Morrow, Atiyeh & Pierre, 2016; Pefia, Knecht &
Gavaza, 2021; Piza, 2018; Rodriguez et al., 2018; Schmidmaier et al., 2011; Susser &
McCabe, 2013; Morehead, Rhodes & Del ozier, 2016). These studies have consistently
shown that undergraduate students’ predominantly use less optimal learning strategies for
independent study, such as repeated reading approaches and highlighting information during

study, rather than using more effective strategies such as retrieval and/or spaced practice.
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Agarwal et al.’s (2014) study of secondary school students showed that these learners
also relied on less optimal strategies (i.e., repeated reading approaches), as opposed to more
effective ones such as retrieval practice. However, it is worth noting that Agarwal et al.’s
(2014) findings are based upon data collected from students at the end of an experimental
study on learning strategies, and this may have influenced students’ responses.

More recently, a study by Dirkx et al. (2019) found that Dutch school students
similarly relied on less optimal learning strategies (i.e., repeated reading approaches and
making notes) compared to more effective learning strategies. Their study also revealed just
over half of those surveyed ranked repeatedly reading information as their primary learning
strategy (51.1%), in contrast a very low proportion ranked retrieval practice as their primary
learning strategy (8.1%). However, the Dirkx et al. (2019) study did not report students’
understanding of various learning strategies.

Barriers to the optimal use of evidence-informed learning strategies by students for
independent work include factors related to student understanding of learning strategies,
effort toward independent work and recommendations from educators (Biwer et al., 2020;
Blasiman et al., 2017; Hartwig & Dunlosky, 2011; Kornell & Bjork, 2007; McCabe, 2011;
Morehead et al., 2016; Pefia et al., 2021; Susser & McCabe, 2013).

Studies in university settings have shown that undergraduate students have limited
knowledge of effective learning strategies and they primarily use retrieval practice as a
diagnostic tool to evaluate their learning, rather than as a method to actually learn
information (Hartwig & Dunlosky, 2012; Kornell & Bjork, 2007; Kornell & Son, 2009;
McAndrew et al., 2016; McCabe, 2011; Morehead et al., 2016; Piza, 2018; Schmidmaier et
al., 2011). Recently, Blasiman et al. (2017), asked university students to rate the effectiveness

of various learning strategies, and found that less optimal learning strategies were rated as
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effective by the highest proportion of students (i.e., reading and highlighting notes). To date
there has not been any comparable research undertaken with secondary school students.

There is a lack of published research describing the effort secondary school-aged
students make towards independent study and/or revision in schools (Agarwal et al., 2014). In
recent studies evaluating barriers to the use of effective learning strategies in university
settings, students’ reported that using effective learning strategies required time and effort
(Biwer et al., 2020; Pefia et al., 2021). Despite the significance of investing time and effort to
maximise the impact of using more effective learning strategies, there remains a paucity of
evidence on the effort secondary school-aged students make towards independent study and
revision (Oakes & Griffin, 2016). This study aims to update our knowledge on how much
independent study school students undertake.

School teachers are an important source of information and guidance for students as
they prepare to learn and revise for examinations. Studies showed that university instructors
promote both less and more effective learning strategies, and have a moderate understanding
about evidence-informed learning strategies (McCabe, 2018; Piza, 2018; Morehead et al.,
2016). Previous published research on instructors’ recommendations and understanding of
learning strategies is limited to surveys of higher education instructors and there remains an
absence of research evaluating the strategies teachers most commonly promote in schools
(McCabe, 2018; Piza, 2018; Morehead et al., 2016). The current study aims to close this
knowledge gap.

The current study also uses a sampling method that differs significantly from that of
earlier studies. Previous research predominantly used non-probability sampling methods (i.e.,
convenience sampling), and therefore did not include a random sample of learners. A
limitation of this approach is that the results from previous studies are likely to be biased

towards over- or under-reporting of students who were more- or less interested and therefore
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more or less likely to volunteer to take part in the survey based on their interest in improving
their study and/or revision practice. In this study, we used a random probability sampling
method (i.e., multistage implicitly stratified sampling) to obtain a random sample of learners.
As our student sample included a stratified random sample of students following different
science qualifications, our results are less likely to be distorted due to chance under-
representation of students who were less academically able and were following a science
qualification that made up a smaller proportion of the student population.

Previous research has often failed to ask learners about their use of learning strategies
for a specific subject or exam (see Agarwal et al., 2014 for an exception, although these
findings are based on data collected from students at the end of an experimental study on
retrieval practice). Therefore, in this study we specifically designed the survey items to
measure students’ study practice as they work towards the General Certificate in Secondary
Education (GCSE) science award. In Wales, United Kingdom, students begin studying
towards the General Certificate in Secondary Education (GCSE) in Year 10 (aged 14-15
years). Students follow a 2-year programme of study for each GCSE subject, and there are
four compulsory subjects for all learners (English, Welsh, mathematics and science). Learner
progress is assessed through a combination of examinations, coursework and teacher
assessment. Importantly, the GCSE qualifications students achieve play a significant role in
determining their future academic and career paths, and are highly valued by schools,
colleges, universities and employers. We focused on secondary school students in the 14-15
age groups as that was a key school improvement priority for our partners in the Regional
School Effectiveness and Improvement Service for North Wales (GwWE).

Although the current study focused on students aged 14-15 years in secondary schools
in North Wales, schools in other nations across the UK follow very similar GCSE curricula

and organisational structure. Therefore, the results from this study are likely to generalise to
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learner populations of this age across the UK. Research into students’ study practice that
focuses exclusively on the UK education system is limited. If secondary school students use
less effective learning strategies, it is important to intervene at the earliest opportunity to
provide learners with knowledge of more effective strategies that they can use as they
progress through education and training. Gathering reliable information on the strategies
students’ use to study for GCSE science subjects can provide important information to help
schools improve the quality of the advice they provide learners. This information will also be

invaluable for school improvement professionals and providers of teacher initial education.

Methods

The target population for the current survey was defined as school students aged
between 14 and 15 years studying external GCSE science qualifications in mainstream
secondary schools in North Wales, United Kingdom. We calculated a sample size of 924
school students aged between 14 and 15 years following statistical guidelines in the Sampling
and Sample Size Calculation guide produced by the National Institute for Health Research
Research Design Service (Fox, Hunn & Mathers, 2007), as well as advice from a survey
statistician. We planned our sample size on a student population of 6,900, with a desired
precision of 0.03, and using the most conservative assumed element variance with a 95%
confidence interval. We conducted a cross-sectional survey using a multistage implicitly
stratified sampling method between April 2019 and July 2019 using paper-based
questionnaires. At the first stage of the sampling process, we invited all 54 mainstream
maintained secondary schools in the six local authorities in North Wales (Anglesey,
Gwynedd, Conwy, Denbighshire, Flintshire and Wrexham), to participate in the survey. This
ensured all schools in the region, irrespective of size, language category and geographical

location, were invited to participate. Twenty-nine schools agreed to take part.
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The inclusion criteria for school students were (1) students aged between 14 and 15
years (school Year 10); and (2) students studying either triple GCSE science award, double
GCSE science award and BTEC and/or applied science awards. The first author randomly
selected a sample of students proportionate to the total number of students in the Year 10
cohort from an anonymised list of students provided by each school. To ensure that the
sample of students represented different ability levels, we used an anonymised list of Year 10
students sorted according to the science qualification they were studying (e.g., all students
studying triple GCSE science were listed first, followed by all students studying double
GCSE science and then all students studying BTEC and/or applied GCSE science). The
science qualification information was then used as an indicator of students’ academic ability
in school science (i.e., more academically able students typically follow the triple science
award, with the remaining students generally following the double science and BTEC and/or
applied science qualifications). Every nth student was then selected on the list (after a random
starting point was generated). This allowed every eligible school student an equal chance of
selection and allowed representation of each ability level in the final sample for each school

in its correct proportion.

Study information and consent letters were forwarded to the parents and carers. This
informed parents and carers about their child’s participation in the study and provided the
option to withdraw them from the survey. We obtained ethical approval for this study from

the Research Ethics Committee of Bangor University (ethical approval number: 2018-16316).

Survey procedure
We developed the Effective Revision and Study Strategies Questionnaire (ERaSSQ)

survey using Online Surveys programme (https://www.onlinesurveys.ac.uk/). All students
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completed the ERaSSQ (Appendix A) in school under the supervision of the first author (or

an independent data collector) and a member of the school staff.

We provided both a verbal and written introduction to the research study and survey,
and explained how the survey could be completed in Welsh or English. We emphasised that
students’ answers would be treated with confidentiality, that there were no ‘right’ or ‘wrong’
answers, and that their responses would not reflect on their current science performance or
their school. The students were then given the opportunity to consider their participation in
the survey, opt-out or provide assent prior to completing the questionnaire. The printed
questionnaires were completed by students on their own in a quiet room (one student received
assistance from a learning support teaching assistant). Completion of the survey questionnaire
was self-paced and the session took approximately 30 minutes. Students were thanked for
their assistance and given a debrief about the study. Neither students nor schools were

remunerated for their participation in the survey.

Survey measure development

We developed the ERaSSQ survey to assess the study habits of secondary school
students. To inform the development of the survey items, key aspects of students’ study and
revision practices were identified following a review of the literature (Blasiman et al., 2017;
Dunlosky et al., 2013; Kornell & Bjork, 2007; Oakes & Griffin, 2016). These included the
use and understanding of common learning strategies, effort towards independent learning,
and school-based support with study/revision. Existing instruments for assessing students’
use of learning strategies such as the Motivated Strategies for Learning Questionnaire
(MSLQ) (Pintrich et al., 1991) do not include the learning strategies recently evaluated by
Dunlosky et al. (2013) or questions on students’ understanding of learning strategies. In this

study, therefore, we developed new survey items to measure students’ use and understanding
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of these common learning strategies that were informed by previous survey research on
students’ study practice (Blasiman et al., 2017; Dunlosky et al., 2013; Karpicke et al., 2009;
Kornell & Bjork, 2007). The survey items on effort towards independent study were

informed by Oakes and Griffin (2016).

Use and understanding of learning strategies. To measure students’ use of learning
strategies, we asked students to rate how often they used nine common learning strategies on
a 5-point scale from never (1) to always (5) (see item 1, Appendix A). The nine learning
strategies are presented in Table 3.1. The students also had the option to list a learning
strategy(ies) that was not mentioned in the list (see item 2). We then asked the students to
write down the three learning strategies they most frequently used from the nine listed
strategies, and rate how helpful the three learning strategies are on a 5-point Likert scale from

not at all helpful (1) to extremely helpful (5) (see item 3).

To measure students’ use of learning strategies for the three different science subjects
(biology, chemistry and physics), we asked students if they used any of the nine listed
strategies to study/revise for these three subjects (see item 6). To measure students’
understanding of the benefit of retrieval practice, spacing, using flashcards and mind maps as
learning strategies, we asked students to choose one option that indicated why they would use
each strategy to prepare for an upcoming science exam (adapted from Kornell & Bjork, 2007)

(see items 9 to 12).

Support with study/revision. To measure which learning strategies teachers most
commonly promote in schools, we asked students if their current science teacher(s) had
encouraged them to use any of the nine learning strategies to study/revise for science (see
item 4). The students also had the option to list a learning strategy(ies) that was not

mentioned in the list (see item 5). To evaluate whether there is a need to provide additional
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information and support on the use of evidence-informed learning strategies in secondary
schools, we asked whether schools offer students assistance with study/revision skills for
science and if they were interested in learning about evidence-informed learning strategies to

help them study/revise effectively (see items 14 to 16).

Effort towards independent study and revision. To measure effort towards
independent study, we asked students how many hours of study they do for science outside of
science lessons in a typical week (see item 7). To measure effort towards revision, we asked
students how many hours of revision they do in the weeks leading up to a science exam (see

item 8). These questions were informed by Oakes and Griffin (2016).

Table 3. 1 Overview of commonly used learning strategies evaluated in the ERaSSQ survey?

Learning strategy

Terms used in present  Terms used by Description

study Dunlosky et al. (2013)

Highlighting or Highlighting/underlining Marking, underlining important

underlining information information

Repeatedly reading Rereading Reading information over and over

information

Making notes Summarisation Writing notes/summaries (of various

(summarising) lengths)

Spaced practice Distributed practice Spreading study/revision sessions
over time
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Learning strategy

Terms used in present  Terms used by Description
study Dunlosky et al. (2013)
Doing practice tests Practice testing (i.e., retrieval practice) Retrieving

information from memory by
completing practice tests (e.g., past

papers)

Interleaved practice Interleaved practice Mixing study of different, related
topics, concepts or problems

Elaborate encoding Connecting what you are trying to
learn to what you already know (e.g.,
using mnemonics). Making
connections between information to
be learned and other information.

Using mind maps® Writing down a key topic, and from
this creating links composed of
keywords, phrases, concepts, facts
and figures. Mind maps are typically
presented as diagrams.

Using flashcards® Writing key terms, facts or to be
learned information on small cards.
Flashcards are typically two-sided
with the prompt / question appearing
on one side and the information about
the prompt / answer on the other).

Note. The ERaSSQ assessed the use of seven strategies evaluated by Dunlosky et al. (2013).
In the present study, two additional learning strategies identified in the literature on student
study habits were also included (using flashcards and using mind maps). ®°Neither of these
strategies were recognised in the review by Dunlosky et al. (2013). PUsing flashcards and
doing practice tests can be used as retrieval practice activities. However, in the present study,
we analysed using flashcards and doing practice tests separately.
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Pilot study

We piloted the ERaSSQ on a convenience sample of 535 students (aged 14 to 17
years) attending five secondary schools in North Wales between June 2018 and July 2018. To
assess student understanding of the ERaSSQ survey, we also asked students to complete
respondent debrief forms immediately after completing the ERaSSQ survey. The debrief
forms included open-ended questions to measure students’ comprehension of the survey
questions and learning strategies. In the questions in the debrief forms, we asked students to
paraphrase the survey questions. Overall, students communicated that they understood the
content of the survey questions, and their feedback was used to improve the clarity of the
language for less able readers. Revised versions of the English and Welsh surveys were

proofread by an experienced science examiner.

Statistical analysis

Although this survey design included equal selection probabilities, not all sampled
units (i.e., schools and students) were observed. To attempt to more appropriately represent
all 14-15 year old students studying in mainstream maintained secondary schools in North
Wales, we made several weighting adjustments to compensate for survey non-response,
coverage errors and aligning the population proportions. The final weighting variable in this
dataset is a multiplication of: (1) school design weight; (2) school non-response weight; (3)

student design weight; and, (4) and post-stratification weights.

The school design weight is 1 for all schools given the take-all design. To calculate
the school non-response weight, we conducted a logistic regression analysis model to
estimate the probability of school response based on variables known for responding and

non-responding schools. These include: (1) the 2018/19 national school categorisation system
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for Wales was used as a proxy for school effectiveness (Welsh Government, 2020); (2) the
percentage of students in Year 10 eligible for free school meals (eFSM) for 2018/19; (2)
school GCSE science attainment scores for Year 10 in 2018/19; and (4) school attendance of
students in Year 10 for 2018/19. The logistic regression model results (i.e., propensity scores
for responding and non-responding schools) are presented in Table C.1 (see Appendix C).
These school data were provided by the Regional School Effectiveness and Improvement
Service for North Wales (GWE). The school weight is the inverse of the estimated probability

values (i.e., 1 divided by the estimated response probability for each school).

The survey design we employed ensured equal student selection probabilities and are
equivalent to the ratio of the number sampled within a school (ni) to the population size of
the school (Ni). The design is such that the sample selected is proportionate to the school
size, and hence equal across all students within school. In this instance for all students
ni/Ni~=0.134, and the design weight for all students is the inverse of this number. We
weighted student data to use post-stratification techniques, as the number of variables to build
a non-response model was limited to only one (science award) which was available for
responding and non-responding students. For post-stratification, our aim was to weight the
observed data (i.e., from respondents) to known totals of the population. There were two
variables available: student gender and science award. The population data on student science
awards was obtained from the sample frame, and the data on student gender was obtained
from the Welsh Government Pupil Level Annual School Census (PLASC) data for 2019
(Statistics for Wales, 2019). However, there was missing data for some respondents for
gender (5.7%). To use the post-stratification techniques, we first imputed gender on these
missing cases using hot-deck methods (Andridge & Little, 2010). Missing cases were
replaced by values of similar cases within the science award categories based on responses to

survey items four through six. We then used iterative proportional fitting (IPF) to estimate the
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post-stratification weights to these two marginal proportions (Kolenikov, 2014). The final
survey weight is then a multiplication of the several weighting adjustments, which

compensated for the survey design, unit non-response and aligning population proportions.

The item response rate for each survey item in the present study was greater than
95.0% and, therefore, no further steps were taken to assess potential item non-response bias
(Pazzaglia, Stafford, & Rodriguez, 2016). Any missing data was handled using pairwise
deletion. The development of the survey weights was performed using the statistical software
functions in R and STATA (version 15). Due to the complex sample design (i.e., multistage),
we analysed the data using SPSS Complex Samples (version 25), which incorporates the
weighting variable as well as the survey design into survey analysis. In addition, we also used
the ‘survey’ package in R for analysing data from complex surveys, to analyse survey item

three.

Analysis of open-ended responses

In addition to the nine learning strategies listed in the ERaSSQ survey, we gave
students the opportunity to report any additional learning strategy(ies) they used. The first
author evaluated all responses to the open-ended questions and constructed separate
categories for responses that were not one of the nine learning strategies listed in the survey.
Although some of the students’ responses were considered to be examples of one of the nine
listed strategies (e.g., making notes, retrieval practice), we constructed separate categories for
all the open-ended responses as this provided valuable information on how students adapt
strategies, and on students’ understanding of learning strategies. The new categories were: (1)
making notes; (2) using learning resources; (3) using learning resources to complete retrieval
practice activities; (4) watching and/or listening to learning resources; (5) completing other

retrieval practice activities; (6) teaching and/or studying with others; and (7) undertaking
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other activities (i.e., one of the nine listed learning strategies that was used differently). The
second author then undertook an independent review of the responses and categories.
Agreement was assessed and any discrepancies discussed. The first author then classified all

the open-ended responses into the seven categories.
Results
Response rates

Twenty-nine secondary schools in North Wales, United Kingdom participated in the
survey. This represents a response rate of 53.7%. The response from selected students in
participating schools was 74.8%, generating 385 completed questionnaires. Table 3.2

presents the characteristics of the participating schools and Table 3.3 presents the

characteristics of the participating students.

Table 3. 2 Characteristics of the participating secondary schools

Participating schools

Variable n
Location (i.e., local authority)  Anglesey 4
Gwynedd 9
Conwy 2
Denbighshire 3
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Language category of school

School size

School eFSM percentage®

Participating schools

Variable n
Flintshire 7
Wrexham 4
Bilingual (Type A)* 7
Bilingual (Type B)** 3
English medium 12
English with significant Welsh 2
Welsh medium 4
Small? 14
Medium-sized® 9
Large® 6
Up to 8 per cent 8
Over 8 per cent and up to 16 per 15

cent
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Participating schools

Variable n
Over 16 per cent and up to 24 per 5
cent
Over 24 per cent and up to 32 per 1
cent

Over 32 per cent

Note. 3Small refers to secondary schools with 600 students or fewer. "Medium-sized refers to
schools with between 601, and 1,100 students. °Large refers to schools with 1,101 or more
students. Definitions of school sizes were adopted from the Estyn report on school size and
educational effectiveness (2013). eFSM represents students eligible for free school meals.
dSchool eFSM percentage refers to the mean percentage from the last three years. *Bilingual
Type A are Welsh medium secondary schools / middle schools where at least 80% of the
subjects apart from English and Welsh are taught only through the medium of Welsh to all
pupils. One or two subjects are taught to some pupils in English or in both languages.
**Bilingual Type B are Welsh medium secondary schools / middle schools where at least
80% of the subjects (excluding Welsh and English) are taught through the medium of Welsh
but are also taught through the medium of English. Definitions of school Welsh medium type
were adopted from the school data obtained from Statistics for Wales.

Table 3. 3 Characteristics of the participating secondary school student respondents

Participating

students
Variable n %
Gender Male 199 50.9
Female 167 43.4
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Participating

students
Variable n %
Other 4 1.0
Prefer not to say 13 34
GCSE/BTEC science award  GCSE triple science 75 19.5
GCSE double science 299 71.7
BTEC and/or GCSE 11 2.9
applied science
Location (i.e., local Anglesey 51 13.2
authority)
Gwynedd 80 20.8
Conwy 36 94
Denbighshire 49 12.7
Flintshire 106 27.5
Wrexham 63 16.4
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Which learning strategies do secondary school students most commonly use?

The primary aim of this survey was to evaluate which learning strategies secondary
school students’ use to study and/or revise to prepare for their science examinations. We
asked students to indicate how often they used the nine common learning strategies to
study/revise for science. Table 3.4 shows the nine learning strategies, and the mean weighted
scores ranked from highest to lowest by their reported average frequency of use (with higher
values indicating higher frequency of use). The percentages of students reporting the various
frequencies per learning strategy are presented in Table D.1 (see Appendix D).

Table 3. 4 Weighted mean scores for student responses to the survey question, “How often

do you use the following learning strategies when you study/revise for science?” (Survey
Item 1)

Learning strategy x SE
Making notes (summarising) 3.8 0.1
Repeatedly reading information 3.8 0.1
Highlighting or underlining information 3.5 0.1
Doing practice tests? 3.2 0.1
Spaced practice 3.1 0.7
Using mind maps 2.8 0.1
Using flashcards 2.7 0.1
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Learning strategy x SE
Elaborate encoding 2.3 0.1
Interleaved practice 2.0 0.1

Note. Learning strategies are arranged from most to least often used, based on mean
weighted scores. Student ratings of how often they used the nine learning strategies were
made on a 5-point scale, from never (1) to always (5). Higher ratings indicate higher
frequency of use. 2In the present study, we used term practice tests to refer to retrieval
practice in the ERaSSQ survey.

The qualitative data from the free response question about students’ use of additional
learning strategy(ies) were classified into seven broad categories, and the percentage of
students with a response in each category was computed. Two of the responses could not be
categorised. Some students mentioned more than one additional learning strategy, which
fitted into multiple other categories. The categories were: (1) making notes; (2) using learning
resources; (3) using learning resources to complete retrieval practice activities; (4) watching
and/or listening to learning resources; (5) completing other retrieval practice activities; (6)
teaching and/or studying with others; and, (7) undertaking other activities (one of the nine
listed learning strategies that was used differently). A description of the seven categories, as
well as examples from each category, alongside respondent’s characteristics, is presented in

Table 3.5.

Table 3. 5 Students’ reports of use of additional learning strategies (Survey Item 2)
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Category Description % (n) Example
Making Making notes using 23.8 (34) Watch and make notes on
notes posters, post-it notes, videos from GCSEPod
diagrams, mind maps, (General Certificate of
and/or using other note Secondary Education)
taking approaches (female, following GCSE
triple science award).
| make revision posters and
put them up in my bedroom
so | see them often (female,
following GCSE double
science award).
Vibrant notes across the
walls of my room (female,
following GCSE double
science award).
Using Using web-based 18.2 (26) Website e.g., Bitesize,
learning and/or smartphone Tanio.cymru (female,
resources learning resources following GCSE triple
(e.g., Bitesize?, science award).
GCSEPod® WIJEC® Using Bitesize (female,
(Welsh Joint following GCSE triple
Education committee), science award).
Tanio.cymru® Isaac Go online on (Tanio.cymru)
Physics®) or hard copy and learn from that (male,
learning resources following GCSE double
(such as revision science award).
guides) without
specifying how these
learning resources
were used to learn the
content
Using Using web-based 7.7 (11) Use online tests like WJEC
learning and/or smartphone (male, following GCSE
resources to  learning resources to triple science award).
complete complete retrieval Take quizzes online or on
retrieval practice activities science revision apps

(e.g., completing
tests/quizzes on
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Category Description % (n) Example

practice Bitesize?®, WJEC®, Online quizzes, Bitesize

activities Quizziz', (female, following GCSE
Tanio.cymru¢, triple science award).
Kahoot?).

Watching Watching and/or 18.9 (27) Watch science videos on

and/or listening to learning YouTube (female,

listeningto  resources (e.g., on following GCSE triple

learning YouTube", science award).

resources GCSEPod®, Bitesize?, Watch science revision on

Tanio.cymru® website
or content developed
by students).
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Twig/YouTube (male,
following GCSE double
science award).

Online videos and online
presentations from
Tanio.Cymru (male,
following GCSE double
science award).

Making songs and voice
notes and repeatedly listen
to it (female, following
GCSE double science
award).
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Category Description % (n) Example
Completing  Completing other 15.4 (22) My friend goes through
other retrieval practice every topic asking a variety
retrieval activities (i.e., any of questions that he makes
practice activity involving on the spot. Once he
activities recall of information reached the end of topics. |

from memory). For then go through the same
example, being tested process with him. This
by others, completing usually takes 2 hours (male,
quizzes, completing following GCSE triple
cloze text activities, science award).
and writing their own Getting a family member to
questions. test me (female, following
GCSE triple science
award).
By having my friends ask
me questions (female,
following GCSE double
science award).
Short quick fired questions
(female, following GCSE
double science award).
Teaching Teaching others and/or 4.2 (6) Dysgy y gwybodaeth i
and/or studying with others person arall / teaching the
studying (e.g., friends, family, information to another
with others  study groups). person (male, following
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GCSE triple science
award).

Gael rhywyn ddarllen allan
i mi / have someone else
read out to me (male,
following GCSE double
science award).
Explaining/telling other
people about the work
(female, following GCSE
triple science award).
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Category Description % (n) Example
Undertaking  Using one of the 11.9 (17) Reading revision books
other common learning (male, following GCSE
activities strategies assessed in double science award).
(one of the this study differently Aroleuno pethau pwysig /
nine listed (i.e., highlighting highlighting important
learning and/or underlining things (female, following
strategies) information or notes, GCSE double science).

reading information or
notes, spaced practice,
elaborate encoding).

Note. 2 Bitesize [https://www.bbc.co.uk/bitesize], ® GCSE Pod [https://www.gcsepod.com/],
°WJEC [https://www.wjec.co.uk/], “Tanio Cymru [http://tanio.cymru/], ¢lsaac Physics
[https://isaacphysics.org/], 'Quizziz [https://quizizz.com/], 9Kahoot [https://kahoot.com/],
"YouTube [https://www.youtube.com/]

Students’ ratings of the effectiveness of the most frequently used learning strategies.

We also aimed to evaluate students’ beliefs on the effectiveness of the learning
strategies they most frequently use. Table 3.6 shows the nine learning strategies, the weighted
percentages of students who reported using the learning strategies, arranged from most to
least frequently used, and students’ ratings of the perceived efficacy of the learning strategies
they most often used (higher mean weighted scores indicated that the students rated the

strategy as more effective).

Table 3. 6 Weighted percentage scores for students’ use of the common learning strategies,
and the weighted mean scores for students’ ratings of how helpful they are (Survey Item 3)

Learning strategy % x SE

Making notes (summarising) 20.6 4.0 0.1
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Learning strategy % x SE
Repeatedly reading information 16.0 3.7 0.19
Highlighting or underlining information 14.9 3.7 0.1
Using mind maps 14.6 3.6 0.1
Doing practice tests? 14.0 3.9 0.1
Using flashcards 12.2 3.9 0.1
Spaced practice 3.8 3.7 0.2
Elaborate encoding 2.3 3.8 0.2
Interleaved practice 1.7 3.0 0.4

Note. Proportions are based on the three learning strategies students reported most frequently
using. Student ratings of how effective they believed the three strategies they most commonly
used were made on a 5-point scale, from not at all helpful (1) to extremely helpful (5). Higher
ratings indicate that the students rated the strategy as more effective. 2In the present study,
we used term practice tests to refer to retrieval practice in the ERaSSQ survey.

Which learning strategies are students encouraged to use by secondary school teachers?

The secondary aim of this survey was to identify how schools support students with
study/revision. To measure which learning strategies students are being encouraged to use by
science teachers in secondary schools, we asked the students whether their current science

teacher(s) had encouraged them to use any of the nine common learning strategies. Figure 3.1
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shows the weighted percentages of students reporting whether they were encouraged to use

any of the nine learning strategies.

Figure 3. 1 Weighted percentage scores for student responses to the survey question, “Have
any of your current science teacher(s) encouraged you to use any of the following learning
strategies when you study/revise for science?” (Survey Item 4)
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Learning Strategy

The qualitative data from the free response-question about any additional learning
strategy(ies) the students reported being encouraged to use by their current science teachers
were also classified into seven broad categories. The new categories were: (1) to use learning
resources; (2) to use learning resources to complete retrieval practice activities; (3) to watch
and/or listen to learning resources; (4) to use other retrieval practice activities; (5) to make
notes; (6) to teach and/or study with others; and, (7) to use other activities (i.e., one of the
nine listed learning strategies that was used differently). A description of the seven
categories, as well as examples from each category, alongside respondent’s characteristics, is

presented below in Table 3.7.
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Table 3. 7 Students’ reports of the use additional learning strategies as encouraged by their
school teacher(s) (Survey Item 5)

Category Description % (n) Example
To use To use of web-based 33.3(25) GCSEPod/Tanio.cymru
learning and/or smartphone website (male, following
resources learning resources GCSE triple science award).
(e.g., Bitesize?, Online resources e.g.,
GCSEPod®, WJECS, GCSEPod (female,
Tanio.cymru?, Isaac following GCSE double
physics) or physical science award).
learning resources Defnyddio y we,
(such a revision Tanio.cymru / Use the
guides), without Tanio.cymru website
specifying how their (female, following double
teacher might have GCSE science award).
encouraged students to Use a revision website
use these learning called Tanio.cymru to revise
resources to learn the for science (female,
scientific content. following GCSE double

science award).

Usually encouraged to use
websites such as Bitesize
(male, following GCSE
double science award).

To use To use of web-based 13.3 (10) Using a good website which
learning and/or smartphone tests you (female, following
resources to learning resources to GCSE double science
complete complete retrieval award).
retrieval practice activities (e.g., Take quizzes on science
practice completing revision apps (female,
activities tests/quizzes on following GCSE double
Bitesize?, Quizziz®, science award).
Tanio.cymru®, Kahoot', Use revision guides, answer
or answering past test questions (female,
papers questions using following GCSE double
WIJEC. science award).
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Category Description % (n) Example

To watch To watch and/or listen  13.3 (10) Watch video clips online
and/or listen to learning resources from Cbac (WJEC) and

to learning  (e.g., on YouTube, Bitesize websites (male,
resources GCSEPod, Bitesize, following GCSE double

To use other
retrieval
practice
activities

Tanio.cymru website).

To complete other 17.3 (13)
retrieval practice
activities (i.e., any
activity involving
recall of information
from memory). For
example, being tested
by others, completing
quizzes, completing
cloze text activities
and writing their own
questions.
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science award).

The use of GCSEPod,
Tanio.cymru, watching
videos about the subject
(female, following GCSE
triple science award).
Defnyddio clipiau fidio,
Tanio.cymru / Use video
clips, Tanio.cymru (female,
following GCSE double
science award).

Question and answer. Give
your parents some questions
to ask and answer (male,
following GCSE triple
science award).

Making questions, doing
quick questions and
answering them (female,
following GCSE double
science award).

Recalling all the information
we know on a topic and
writing it on to a piece of
paper and then going
through our notes to check
its right (female, following
GCSE double science
award).

Recall strategy, write down
what you know in two
minutes and then check to
see if it’s right (female,
following GCSE double
science award).
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Category

Description % (n)

Example

To make
notes

To teach
and/or study
with others

To make notes using
posters, post-it notes,
diagrams, mind maps
and/or using other note
taking approaches.

10.7 (8)

To teach others and/or 4.0 (3)
study with others (e.g.,

friends, family,

study/revision sessions

or groups) to learn

and/or revise science
knowledge

90

Using diagrams and
labelling them (male,
following GCSE double
science award).
Encouraged to make bright
and colourful posters
(preferred not to say gender,
following GCSE double
science award).

Draw a huge circle and add
sectors and in the sectors
write information of each
topic (female, following
GCSE double science
award).

Revision posters, post-it
notes (female, following
GCSE double science
award).

Revising by helping another
to understand a subject
(male, following GCSE
triple science award).
Revision sessions in school
(female, following GCSE
double science award).
Drop in session. Hot seat
(female, studying GSCE
double science award).
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Category Description % (n) Example
To use other To use one of the 8.0 (6) Reading the information out
activities common learning loud (female, following
strategies assessed in GCSE double science
this study differently award).
(i.e., highlighting Uwcholeou geiriau pwysig /
and/or underlining highlighting important
information or notes, words (female, following
reading information or GCSE double science
notes, spaced practice, award).
elaborate encoding). Looking through your books

(female, following GCSE
double award).

Note. 2 Bitesize [https://www.bbc.co.uk/bitesize], ® GCSE Pod [https://www.gcsepod.com/],
°WJEC [https://www.wjec.co.uk/], “Tanio Cymru [http://tanio.cymru/], ¢lsaac Physics
[https://isaacphysics.org/], *Quizziz [https://quizizz.com/], 9Kahoot [https://kahoot.com/],
"YouTube [https://www.youtube.com/]

Which learning strategies do students’ use for the three science subjects (i.e., biology,

chemistry and physics)?

To measure which learning strategies students’ used to study/revise for each of the
three science subjects (biology, chemistry and physics) on their own outside of science
lessons, we asked students to indicate using a ‘yes’ or ‘no’ response option against each
strategy. Table 3.8 shows the nine learning strategies, and the weighted percentages of

students who reported using the learning strategies for each science subject.
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Table 3. 8 Weighted percentage scores for student responses to the survey question, “Which of the following learning strategies do you use to
study/revise for the three science subjects?” (Survey Item 6)

Learning strategy Biology Chemistry Physics  Biology and  Biology, Chemistry Biology None of the
chemistry chemistry  and physics and physics  sciences
and physics
% (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Using mind maps 14.9 (1.8) 55 (1.7) 5.8 (1.5) 6.7 (1.4) 36.0 (3.3) 1.5 (0.6) 7.3 (1.7) 22.2 (2.7)

Highlighting or underlining 7.7 (1.3) 57(1.2) 4.1(1.0) 7.6 (1.7) 54.8 (3.0) 5.6 (1.3) 3.1(1.0) 11.4 (2.1)
information

Using flashcards 11.0 (1.7) 7.5 (1.7) 6.4 (1.2) 5.4 (1.3) 32.0(4.3) 2.3(0.9) 3.7(0.9) 31.8 (3.5)
Repeatedly reading 6.8 (1.3) 49 (1.1) 4.1(1.0) 4.7 (1.5) 63.3 (3.0) 4.2 (1.1) 3.4 (1.1) 8.6 (1.3)
information

Making notes 4.0 (0.9) 51(1.1) 5.8 (1.2) 4.2 (1.3) 66.8 (2.6) 3.0(0.8) 4.0 (1.0) 7.2 (1.4)

(summarising)
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Learning strategy Biology Chemistry Physics Biology and  Biology, Chemistry Biology  None of the

chemistry chemistry  and physics and physics  sciences
and physics
% (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)

Spaced practice 6.6 (1.3) 7.6 (1.7) 5.6 (1.1) 5.1 (1.6) 37.7 (2.5) 4.3 (1.0) 2.8 (1.0) 30.4 (2.3)

Doing practice tests?® 5.6 (1.6) 5.8 (1.6) 4.3 (0.9) 4.8 (1.0) 61.7 (3.4) 5.2(1.0) 4.2 (1.1) 8.4 (1.8)

Interleaved practice 4.2 (1.2) 5.3(1.4) 2.8 (0.8) 5.6 (1.3) 13.3 (1.6) 4.1(0.9) 1.8 (0.6) 63.0 (2.5)

Elaborate encoding 11.7 (2.5) 7.4 (1.5) 12.0 (1.7) 3.7 (1.0) 12.0 (1.9) 2.7 (0.9) 5.8 (2.1) 44.7 (3.8)

Note. 2In the present study, we used term practice tests to refer to retrieval practice in the ERaSSQ survey.
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How much effort do students’ invest to study and revise on their own (i.e., time spent

studying and revising)?

In this survey, we also aimed to identify how much effort (i.e., time) do secondary
students’ invest to study and revise in preparation for science examinations. To measure how
much time secondary students’ invest to study and revise for science on their own outside of
science lessons, we asked students to indicate how much time they spent studying in a typical
week for science outside of lessons. Next, we asked students to indicate how much time they
spent revising in the weeks leading up to a science exam. Figure 3.2 shows the weighted
percentages of students reporting the various number of hours of study, and the number of

hours of revision.

Figure 3. 2 Weighted percentage scores for student responses to the survey questions, “In a
typical week how many hours of study do you do for science outside of lessons” and, “In the
weeks leading up to a science test how many hours do you revise in preparation outside of
lessons?” (Survey Items 7 and 8)

® Hours studied in a typical week Hours revision in a typical week before a science test
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Students’ understanding of the benefit of retrieval practice, spaced practice, flashcards

and mind maps.

In this survey we also aimed to evaluate students’ understanding of how helpful some
learning strategies are. Table 3.9 shows the weighted percentages of students’ understanding

of the benefit of retrieval practice, spaced practice, using mind maps and using flashcards.

Table 3. 9 Weighted percentage scores for understanding of the benefit for using retrieval
practice, spaced practice, flashcards and mind maps (Survey ltems 9 to 12)

Learning strategy Response option % [CI]

Doing practice Doing practice tests when | study/revise will help  53.3 [47.1, 59.5]
tests? (e.g., past me to know how well I have learnt the information
papers) for the science test.

Doing practice tests when | study/revise will help  33.8 [28.4, 39.6]
me to learn and remember the information for the
science test.

I do not think doing practice tests when | 12.9[9.6,17.1]
study/revise will help me to learn and remember
the information for the science test.

Spaced practice Spacing out my study/revision sessions over 27.6 [22.0, 34.0]
multiple days/weeks will help me to learn more
information for the science test.

Spacing out my study/revision sessions over 58.5[52.1, 64.6]
multiple days/weeks will help me to learn and
remember the information for the science test.

I do not think spacing out my study/revision 14.0 [10.4, 18.6]
sessions over multiple days/weeks will help me
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Learning strategy

Response option

% [CI]

Flashcards

Mind maps

learn and remember the information for the science
test.

Using flashcards when | study/revise will help me
to learn because it allows me to read the
information over and over.

Using flashcards when | study/revise will help me
to learn because it allows me to practise bringing
the answer to my mind.

Using flashcards when | study/revise will me to
learn because it helps break up the information into
smaller amounts to practise.

I do not think using flashcards when | study/revise
will help me learn the information for the science
test.

Using mind maps when | study/revise will help me
to learn because it allows me to read the
information over and over.

Using mind maps when | study/revise will help me
to learn because it allows me to practise bringing
the information to my mind.

Using mind maps when | study/revise will help me
to identify the main topic and link this to related
topics, with words that make sense to me.
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15.9 [12.3, 20.4]

32.1[25.2, 39.9]

32.1[28.0, 36.4]

19.9 [15.1, 25.8]

20.4 [17.3, 24.0]

21.9 [16.4, 28.8]

41.1[34.9, 47.5]
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Learning strategy Response option % [CI]

I do not think using mind maps when 1 16.6 [12.8, 21.2]
study/revise will help me learn the information for
the science test.

Note. 2In the present study, we used term practice tests to refer to retrieval practice in the
ERaSSQ survey.

Do secondary schools currently provide students with support for study/revision? Is

there a demand for information about evidence-informed learning strategies?

To further evaluate whether there is a need to provide additional information and
support on the use of evidence-informed learning strategies in secondary schools, we asked
whether schools offer students assistance with study/revision skills for science. Table 3.10
shows the weighted percentages of students reporting whether schools offer advice on
study/revision skills to support students with independent work. Finally, we asked students if
they were interested in learning about evidence-informed learning strategies to help them
study/revise more effectively. Table 3.10 shows the weighted percentages of students
reporting whether students should be provided with information about effective learning

strategies, and if they were interested in receiving this information.
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Table 3. 10 Weighted percentage scores for student responses to the survey questions about
availability and demand for support with study/revision (Survey Items 14 to 16)

Survey item Response option % SE

Does your School Offer all Pupils in Year Yes 76.5 3.8
10 Study/Revision Skills Support to Help
you Study/Revise for Science?

No 8.3 2.2
I don't know 15.2 2

Do you Think That you Should be Yes 96.1 1.3
Provided with Information About Effective
Learning Strategies to Help you
Study/Revise for Science?

No 3.9 1.3
Would you be Interested in Receiving Yes 81.7 2.5
Information about Evidence-Based
Learning Strategies that Will Help you to
Study/Revise Effectively for Science?

No 18.3 2.5

Discussion
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We report results of the first regional survey to evaluate the use and understanding of
learning strategies by secondary school students (aged 14-15 years) in mainstream schools in
the UK to study and/or revise in preparation for science examinations. In addition, we report
the effort students’ make towards independent study and revision, and the advice they receive
from schools. In the following section, each of these aspects of students’ study practice are
discussed. Although this study is based on students in North Wales, the findings, based on
more representative methodology, are likely to generalise more broadly to students in other
regions of the UK where students follow very similar science qualifications in comparable

school settings.

Use of learning strategies

Our results showed that less effective learning strategies were most frequently used by
secondary students, including making notes, repeatedly reading information, highlighting or
underlining information. Retrieval practice and spaced practice (i.e., more effective
strategies) were less commonly used by students, and these findings align closely with the
outcomes of previous studies which found that secondary students relied on less optimal
learning strategies (Agarwal et al., 2014; Dirkx et al., 2019). Oakes and Griffin (2016) also
found that students studying advanced level academic courses in the UK (aged 16-17 years)
similarly relied on less optimal learning strategies (i.e., reading approaches and highlighting
information) as opposed to more effective ones such as retrieval practice, suggesting the
results in this study might generalise to the wider secondary school population. Importantly,
the findings from this study, based on a robust sampling methodology, confirm that

secondary learners rarely make use of the most effective learning strategies.

When considering students' use of more and less effective strategies, in the present

study, students reported highlighting or underlining information more frequently than using
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retrieval practice. In contrast, Dirkx et al. (2019) report that students more frequently reported
using retrieval practice activities, followed by highlighting/underlining information. Dirkx et
al. (2019) suggested that the nature of the question format in such surveys (e.g., open-format
with students reporting the strategies, or closed-format with students selecting strategies from
a predefined list) might influence student reports of strategy use. The present study included
nine common learning strategies and presented these in a list whilst providing students the
opportunity to report any additional strategies they use. By providing students with a list of
learning strategies, our aim was to ensure students did not overlook any common learning
strategies they use. This study used a response scale based on how often each strategy was
used, giving students the choice to select a response option from never to always for how
frequently, if at all, students used each strategy. This approach provided a more valid

indicator of strategy use.

Other factors that could have contributed to the difference between the Dirkx et al.
(2019) and the present study may be related to the study design (i.e., sampling methodology)
and/or cultural differences between students in the Netherlands and the United Kingdom. The
present study used a stratified random sampling method to ensure the sample represented
different student ability groups, whereas the Dirkx et al. (2019) study did not specify the

sampling methodology that was employed in the three participating Dutch secondary schools.

How does students’ understanding of learning strategies relate to their use of learning

strategies?

The present study has shown that learners do not generally have an accurate
understanding of the effectiveness of the learning strategies they most frequently use. The
learning strategies students ranked as effective for learning were lower utility strategies such

as making notes, repeatedly reading information and highlighting or underlining information.
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This might suggest that students are not using more effective learning strategies due to
inaccurate and/or incomplete understanding about the effectiveness of both the learning
strategies they use and the alternatives that are available. This finding has important
implications for developing learning programmes on the study habits of students as well as
providing useful information for both schools, school improvement professionals and also

providers of teacher initial education.

We also found that over half (53.3%) of students reported they identify retrieval
practice as a strategy to help them assess their learning (i.e., to identify what they know
and/or don’t know) rather than as an effective learning strategy in itself. This finding suggests
that most students were not aware of the advantage of using retrieval practice as a learning
strategy when studying and/or revising for science. One possible reason for this could be
students’ everyday experience of completing retrieval practice activities for formative and/or

summative purposes in school (e.g., end of unit tests).

Most of the students (58.5%) reported that spacing practice would have helped them
to learn and remember information when studying and/or revising for science, suggesting that
most students understand that spacing is beneficial for learning. However, in this study
spaced practice was the fifth most-commonly used learning strategy students reported using.
Findings from a study by Susser and McCabe (2013) indicate that university students were
aware of the spacing advantage, although these older learners similarly reported using this
strategy less frequently compared to more suboptimal strategies, such as repeated reading.
The inconsistency between learners’ understanding and utilisation of spaced learning may be
partly to do with a lack of knowledge about the learning advantage of spaced practice (i.e.,
the spacing effect), which can help to slow down the rate of forgetting newly learned

information (Bahrick, Bahrick, Bahrick & Bahrick, 1993; Ebbinghaus, 1885/2006). Another
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tentative explanation is that spacing is a strategy based on when learners should practice
instead of how to practice and, therefore, students might not have considered spaced practice

as a learning strategy when completing the survey.

Effort towards independent study and revision

This study also evaluated the effort students make towards independent work (i.e.,
time spent studying and revising) and the advice they receive from school teachers. Our data
show that students reported spending more time revising in the weeks leading up to a science
test (3 to 4 hours) than spent studying in a typical week (less than 1 hour). These findings are
in line with results from Agarwal et al. (2014) who also reported students spending more time
studying and revising when there was an upcoming test compared to in a typical week when
there were no exams. As students appear to distribute their independent study and revision
time unevenly, they are unlikely to be able to use spaced practice as an effective strategy
(which is based on implementing a regular schedule of study practice that spreads activities
over time). The present study highlights the need to inform students about distributing their
independent study and revision efforts more evenly over time to successfully incorporate

effective learning strategies.

Support with study and revision strategies

Most students in this study (92.7%) reported that their science teacher(s) encouraged
them to use retrieval practice. However, when interpreting these promising results, it is
important to consider that we have previously noted that most of the students reported they
would complete retrieval practice to assess their learning rather than as a learning strategy.
This finding suggests that although schools are promoting retrieval practice, students are not
using this strategy to its maximum potential. One reason students might not be using retrieval
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practice as a learning strategy could be due to their everyday classroom experience of
teachers using tests for summative and/or formative purposes. Moreover, students also
reported that their science teacher(s) encouraged the use of lower utility strategies such as
making notes, repeatedly reading information and highlighting or underlining information.
Our findings suggest there is an important role for teachers to promote retrieval practice as an
efficient learning strategy. Further research now needs to focus on teachers’ understanding of
retrieval practice and other high utility strategies, and how best to communicate this
information to learners.

Use of additional learning strategies

This study allowed students to report any additional learning strategies they use for
independent study and revision. Interestingly, student responses to the open-ended questions
included examples of how students had modified the use of some of the nine predefined
learning strategies included in this study (e.g., making notes, retrieval practice). A possible
explanation for this might be that although students encounter general descriptions of how
each strategy can help them learn, they are likely to adapt and modify some of these
strategies. For example, there are various ways for learners to make notes (including
handwritten and typing on a digital device) as well as various study tools for making notes
(including, posters, post-it notes) (Witherby & Tauber, 2019). Student responses to the open-
ended questions reflected how students’ applied these more versatile learning strategies
during independent study. Some strategies are more versatile than others in terms of how they
can be applied, and this might have resulted in more students reporting on these strategies in
the open-ended answers compared to other less versatile approaches. Future research using
qualitative methods (i.e., semi-structured interviews, focus groups) is needed to understand

the variation of secondary students’ strategy use and the reason behind those choices.

Implications for educators

103



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

The present study highlights the need to improve awareness about the relative utility
of learning strategies used by students. In particular, our results suggest that as an important
first step, secondary students would benefit from receiving training in using more effective
learning strategies such as retrieval and spaced practice. Our results also suggest that
educators should inform students about: (1) which are the more- and less effective learning
strategies; (2) the benefits of using retrieval and spaced practice as learning strategies; and (3)

how each strategy works and the practical application for independent study.

Strengths and limitations

We acknowledge some limitations in the current study. In survey item three, students
were required to report and rate the three learning strategies they most frequently used for
study/revision. As a result, the total number of students rating each learning strategy was
small and the mean ratings for the students’ perceived effectiveness of the various learning
strategies may not be statistically significant. Also, we do not have information on students’
opinions of other study strategies that they might use less frequently. Despite these
limitations, this is the first study to report on secondary students’ study and revision habits
from a representative sample of 14-15 year old students in mainstream schools in the UK. As
our responses included a stratified, random sample of learners from different ability groups,
the results are less likely to be biased towards over- or under-reporting due to students who
were more- or less interested in study and/or revision. Our findings are also less likely to be

distorted due to chance under-representation of student groups.

Conclusion

This is the first study to employ a robust sampling methodology aimed at gaining a
more accurate understanding of learners’ use of study strategies. It is also the first study to

provide a detailed insight into the use of learning strategies by secondary students in the UK
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to study and revise in preparation for GCSE science exams, and the first to assess students’
understanding of the most frequently used learning strategies, the effort students make
towards independent learning and the study advice schools provide to students. Our results
indicate that students predominantly rely on less effective learning strategies for independent
study and revision and do not realise some of the strategies they most frequently use are less
effective approaches. The findings here also support the outcomes from previous studies.
Further research should now: (1) focus on the practical barriers to secondary students’ use of
effective learning strategies; (2) explore whether students’ use of learning strategies predicts
their actual learning outcomes.

Study 2: The Influence of COVID-19 on the Independent Study Habits of
Learners

Sultana, F., Watkins, C. R., & Hughes, J. C (under review). The Influence of COVID-19 on

the Independent Study Habits of Learners. Report submitted.

In 2021, we were successful in obtaining a research grant from the Welsh
Government to extend the first study on secondary students' use and understanding of
learning strategies outlined in Study 1 in this chapter. The second study is a survey evaluating
the influence of the COVID-19 pandemic on secondary aged students’ independent learning
practice that was commissioned by the Welsh Government and builds on our previous survey
research described in this chapter. In this section we present a summary of the second study
and discuss the findings and implications of the study. Welsh Government have given their
permission for the full report to be included in Appendix E.

We conducted a survey with secondary school students to understand the influence of
the COVID-19 pandemic on the independent learning practice of 1415 year old and 16-17
year old students in Wales. During the COVID-19 pandemic school closures from March

2020, all students (except for vulnerable students and the children of key workers) remained
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at home and were taught remotely. Given the change in the delivery of schoolwork as well as
the increased autonomy on students to undertake independent learning during the pandemic,
it was important to investigate any change in students’ independent learning practice.
Existing studies into the impact of the pandemic with students in secondary and further
education in Wales explored what learning resources students were using for home learning.
However, those studies did not explore what learning strategies students might have used
whilst accessing information using learning resources (i.e., how students’ were learning the
information and ideas on their own). In Study 2 we explored students’ experiences of using a
variety of learning strategies and learning resources for independent learning (i.e., to
complete schoolwork, study and/or revision) whilst at home, the time spent on school work
and study, and how they felt about independent learning skills and using digital learning
platforms. Importantly we also evaluated learners’ understanding of learning strategies and
resources.

We conducted a cross sectional survey with students aged 14-15 and 16-17 years in
mainstream middle and secondary schools in Wales. We used a multistage clustered sample
design for a sample selection. At the first stage of the sampling process, we randomly
selected a sample of maintained middle and secondary schools in Wales from a list of all
schools using an implicit systematic sampling method. At the second stage, we invited all
students in Year 10 and Year 12 from the selected schools to complete a modified version of
the Effective Revision and Study Strategies Questionnaire (ERaSSQ). We modified the
ERaSSQ survey to reflect appropriate changes in students’ education that relate to the
COVID-19 pandemic. These included use and understanding of learning resources,
confidence towards using digital learning platforms, confidence on using independent

learning skills and activities, and sourcing knowledge on learning strategies and resources.
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Despite the need for students to work more independently during the COVID-19
school closures, we found similar results to those presented in Study 1. Our results showed
that students reported using both less and more effective learning strategies whilst learning at
home. Our data also suggest that students do not have an accurate understanding about the
effectiveness of some common learning strategies. These findings suggest that students’ use
and understanding of learning strategies have not changed significantly since the start of the
COVID-19 pandemic, and highlights the need for schools to continue to improve awareness
about effective learning strategies and resources in Wales. In addition to investigating what
learning strategies and resources students were using, we also examined where students'
knowledge about learning strategies and resources came from (e.g., parents/carers, schools,

peers), as well as students’ confidence towards independent learning skills and activities.

We also assessed how confident students felt about independent learning (i.e.,
independent study skill and learning activities). Our findings indicate that students’
confidence towards independent learning skills and activities has improved since March
2020. At the start of the COVID-19 school closures, learners reported feeling less confident
about independent learning skills and activities, whereas at the end of the COVID-19
pandemic, learners’ expressed increased levels of confidence towards the same independent

learning skills and activities.

Study two further highlights the need to improve students' awareness about
independent learning skills, as well as awareness about the utility of common learning
strategies used by learners in schools. These findings align closely with the outcomes of our
earlier survey with secondary students outlined in Study 1 here, and suggests that students
would benefit from receiving information about how to use more effective learning strategies
such as retrieval practice and spaced practice. Importantly, schools and practitioners should

provide students with guidance on independent learning, and effective learning strategies.
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There is still a demand among secondary students for more information on effective learning
strategies. In our previous survey with secondary students outlined in Study 1, 81.7 percent
reported that they were interested in receiving information about effective learning strategies.
The findings are similar to our second study with students that showed that most students
(71.1 percent) are interested in receiving information about effective learning strategies.

In Study 2 we aimed to replicate our first study with 14-15 year old secondary
students’ use and understanding of learning strategies for independent work. Importantly, the
findings from study 2, based on a robust sampling methodology, confirmed our study
findings from the first study, and showed that secondary learners rarely make use of the most

effective learning strategies.
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Chapter 4: Development of the Improving Standards through Effective Revision
(iIStER) programme

Preface

Findings from our survey studies with secondary school students and science teachers
on learning strategies highlighted the need to improve awareness about the relative utility of
learning strategies commonly used by students and promoted by teachers in schools
(Chapters 2 and 3). Furthermore, our findings suggested that students would benefit from
receiving training in using more effective learning strategies such as retrieval and spaced
practice. In addition to educating students about these effective learning strategies, our survey
findings suggested that students would also benefit from learning about proactive
independent learning. We have used these survey findings along with other research in
cognitive and educational psychology to develop a learning resource called the Improving
Standards through Effective Revision (iStER) programme to teach school students about the
most effective learning strategies that enhance learning and show potential to improve

academic performance.

This chapter contains a detailed description of the iStER learning resource as well as a
single blind parallel feasibility randomised control efficacy trial of a lunchtime study and
revision programme for learning GCSE Chemistry using the iStER programme. This was a
feasibility efficacy trial conducted in advance of a future definitive RCT. The primary aims
of the randomised feasibility efficacy trial is to gain experience in delivering the iIStER
programme to help secondary students for independent learning and to assess the feasibility
of conducting a future definitive RCT using the iStER programme (with students). As such,
the feasibility efficacy trial objectives were to assess trial design, school and student
acceptability of the intervention, and outcome measures to provide data to estimate the

parameters required to design a definitive RCT.
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Introduction

Background and objectives

In Wales, the standards students achieve in science at the end of secondary school, as
well as the uptake of science subjects, has frequently been the subject of debate and criticism
(Wightwick, 2017a; Wightwick, 2017b, Wightwick, 2018). There have been many initiatives
funded by the Welsh Government to help improve students’ science standards and to inspire
and encourage students to pursue science related careers (e.g., Trio Sci Cymru, Swansea
University Science for Schools Initiative, The Welsh Valleys Engineering Project, STEM
Gogledd programme). As part of the Welsh Government’s National Strategy for Educational
Research and Enquiry (NSERE) strategy and policy there has been an increasing effort to
focus education provision along more evidence-informed lines (Welsh Government, 2021).
The use of evidence-informed learning strategies for independent learning (i.e., study and
revision) can play an important role in helping students in secondary schools prepare for
external examinations to improve standards in science. Recently, there has been renewed
interest in using cognitive science research in schools including the use of effective learning
strategies through researcher driven websites (e.g., The Learning Scientists

[https://www.learningscientists.org/], Retrieval Practice

[https://www.retrievalpractice.org/why-it-works]). We developed a learning programme
called improving standards through effective revision (iStER) that applies effective learning
strategies (i.e., retrieval practice and spaced practice), and tested the feasibility of lunchtime
study/revision sessions to learn GCSE chemistry using the programme in a randomised

control trial with secondary school students in North Wales.

Over recent years there have been significant contributions to the research literature
on evidence-informed learning strategies (Agarwal et a., 2021; Agarwal et al., 2014;

Dunlosky et al., 2013 Sotola & Crede, 2021; Yang et al., 2021). Research suggests that two
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learning strategies have been shown to enhance long term learning and retention of
information (Dunlosky et al., 2013; Yang et al., 2021). These strategies are retrieval practice
and spaced practice. Retrieval practice is a learning strategy based on retrieving information
from memory (i.e., practising recall) in absence of the information to be learnt. Spaced
practice is a learning strategy involving spacing out study sessions over time and reviewing
previously learnt information in successive sessions, which can help to slow down the rate of

forgetting newly learned information.

There have been several books and resource guides to help use effective learning
strategies in the classroom and for independent learning (Carey, 2014; Carpenter & Agarwal,
2020; Horvath, Lodge & Hattie, 2016). There have also been a growing number of web-based
and smartphone learning resources developed on effective learning strategies (e.g., Seneca

Learning [https://senecalearning.com/en-GB/], Quizlet [https://quizlet.com/en-gb]). However,

despite the availability of a variety of online and offline learning resources to aid students in
the application of the two most promising learning strategies, studies with students at all
educational levels show that less effective strategies such as repeated reading approaches,
summarising information and highlighting [or underlining] information are frequently used as
independent learning strategies, compared to the more effective strategies (i.e., retrieval and
spaced practice); our previous research with 14—15 year old secondary students’ use and
understanding of learning strategies for independent work also confirmed this. Our survey
also showed that students do not have an accurate understanding of the utility of the learning
strategies they most frequently use (i.e., do not realise some of the strategies they most
frequently used are less effective). Most of the students reported that they identified retrieval
practice as a strategy to help them assess their learning (i.e., identify what they know and/or
do not know) rather than as an effective learning strategy in itself. These findings suggest that

students have some mistaken beliefs about the effectiveness of the learning strategies they
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frequently use, and this might be why students continue to use these lower utility strategies.
Importantly, our findings highlighted that students would benefit from learning about which

are the more and less effective learning strategies.

Importantly there is also a demand for more information on effective learning
strategies among secondary school students. In our previous survey we also found that
students want more information about evidence-informed learning strategies to help them
study/revise effectively in preparation for exams. In fact 81.7 per cent reported that they were
interested in receiving information about effective strategies and 96.1 per cent believe

students should be provided with information on effective learning strategies.

Studies that have explored the use of spacing practice and retrieval practice
individually and using blended learning approach of spacing and retrieval practice found that
these strategies enhanced learning in primary school students for science as well as other
subjects and with older students in university settings (Carpenter et al., 2018; Gluckman et
al., 2014; Goossens et al., 2016; Greving & Richter, 2018; Gurung & Burns, 2018). In the
research literature on the application of effective learning strategies, very few studies have
used more robust designs (i.e., randomised experimental designs) with secondary school
students learning science. In the UK, a study by Feddern, Schechtman and Wilks (2018)
investigated the effectiveness of a software programme that makes use of four learning
strategies including retrieval, interleaving, spacing and visual cues in a randomised controlled
trial with secondary students for learning science. Students in the study were randomly
allocated to one of the three trial arms, including the software group, spacing group or
massed practice group. Findings from students’ post-test scores demonstrated that students in
the software group scored higher than students in both the massed and spaced group. These
findings add to the growing body of research literature that show how effective learning
strategies can enhance student performance. In the current study, we aim to assess the
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feasibility of lunchtime study/revision sessions to learn GCSE chemistry using the iStER
learning resource in an individually randomised controlled efficacy trial. In the current study
we focused on GCSE chemistry and used a different experimental design to the study by
Feddern et al. (2018). In the study by Feddern et al. (2018), the authors used a clustered
randomised design (i.e., classes of students were randomised to trial conditions rather than
individual students to trial conditions). The aim of the current study is to investigate whether
the iStER intervention can work in an applied school setting during lunchtime sessions. Our
current study outlines an efficacy randomised controlled trial. The study by Feddern et al.
(2018) focused on whether the Seneca learning resource worked when applied in the real
world on a larger scale (i.e., was an effectiveness trial). In contrast, we designed an efficacy
randomised controlled trial of the iStER learning resource in secondary schools. We will

assess the efficacy of the iStER learning resource on a small scale.

Although there are learning resources available to help students in the application of
effective learning strategies, more support is needed to aid learners in the application and
transfer of effective learning strategies (Biwer et al., 2020a; Biwer et al., 2020b; Mc Daniel &
Einstein, 2020; Oakes & Griffin, 2016). This might be one reason why, despite the
availability of evidence-informed learning resources, students at all educational levels
continue to rely on suboptimal strategies. Also, these programmes make use of effective
learning strategies that are embedded in the software algorithm of the resource and are,
therefore, not explicitly taught to students. Another limitation is that existing programmes do
not teach students about proactive independent learning, the importance of effort (i.e.,
investing time), nor about the relative utility of other commonly used learning strategies.
Recently McDaniel and Einstein (2020) proposed the knowledge, belief, commitment and
planning (KBCP) model for guiding strategy training to support students' successful use of

effective learning strategies on their own. In brief, the KBCP framework is underpinned by
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the assumption that there are four key components which must be included in training to
support students' sustained strategy use. These are: (1) acquiring knowledge about strategies;
(2) belief that the strategy works; (3) commitment to using the strategy; and (4) planning
strategy implementation. In another model, Oakes and Griffin (2016) proposed five
behaviours and characteristics that all students need to be successful, independent learners.
These qualities are vision, effort, system, practice and attitude, called the VESPA system.

With these issues in mind we developed the IStER learning resource.

The IStER learning resource teaches students about proactive independent learning,
effort (i.e., investing time for independent work), how we learn, the utility of common
learning strategies, and how effective learning strategies help us to learn and remember
information (i.e., provides students with the knowledge about proactive independent work
and about learning strategies). In addition to helping students acquire knowledge about
proactive independent work and learning strategies, to promote the use of effective learning
strategies, we developed iStER resource packs which contain materials and evidence-
informed approaches to help students develop the habit of independent work and use
effective learning strategies for their independent learning and revision. iStER provides a

system to help students organise their learning resources and time.

The iStER programme is aimed at secondary school students aged 14-16 years. It is
designed to encourage independent work (i.e., study, revision), promote the use of effective
learning strategies to maximise students independent learning and raise awareness of and
normalise independent work using the behavioural influence of social norms. The IStER
programme provides a system including resources packs for students to organise their
independent learning time and activities and practice using effective learning strategies. The
materials in the iStER resource packs are presented using principles of effective instruction
associated with positive educational outcomes and derived from the learning sciences
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(Fredrick & Hummel, 2004). For the current feasibility trial, we used the iStER programme
with five topics from the GCSE chemistry syllabus. The topics included atomic structure,
chemical calculations, formula and equations, nature of substances and chemical reactions
and the periodic table. The content was written by a GWE school improvement adviser for

science and WJEC chemistry chief examiner.

The aim of the present study was to test the feasibility of using the iStER programme
to help secondary students in Year 10 learn GCSE chemistry during lunchtime revision
sessions. We designed this study as a feasibility randomised controlled trial to inform a later
more definitive trial. The current study is an efficacy randomised controlled trial research
design. The primary objectives of the feasibility efficacy trial were: (1) to assess school and
student acceptability of the intervention (2) to examine whether parents and carers would be
willing for their children to be randomised to one of the trial arms; (3) assess how many
parents/carers and students accepted the invitation to participate in research; (4) assess
retention of students to lunchtime sessions by estimating weekly session attendance rates; (5)
assess student engagement with the iStER programme by estimating weekly session
attendance rates, retention rates, use of iStER resource packs; and, (6) to test study feasibility
for lunchtime study and revision sessions for using the iStER programme (i.e., do lunchtime
sessions for using the iStER during school hours work?). In addition the study aims to

establish suitable procedures for delivering the iIStER programme for a future definitive RCT.

Togerson and Togerson (2001) outlined that RCT’s can measure small educationally
important changes that may result from educational programmes. Therefore, to explore the
present study aims we used a strong study design in the form of a waiting-list randomised
controlled efficacy trial to explore the feasibility of implementing the iStER programme with
Year 10 GCSE students during lunchtime study sessions. We compared a group of students
who received the iStER programme to that of a similar group of students who received the
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chemistry study materials and to that of a similar group of students who received ‘science as
usual’ teaching within a secondary school setting. The main objective of a future definitive
RCT is to evaluate the use of iStER to determine the effectiveness of the programme to
improve secondary school students' learning, academic performance, and independent
learning skills of students receiving the programme. For the current study, it was important
for us to develop an evidence base for the intervention. This has been a focus with the current
project and others in the Collaborative Institute for Education Research Evidence and Impact
and our school partners in the Regional School Improvement Service for North Wales (Owen
et al., 2022). Our current feasibility trial is at the efficacy level in the adapted model Owen et
al. (2022) proposed for an evidence building framework for education interventions.
Importantly answers to the above questions will inform decisions as to whether the program

is ready to be scaled to an effectiveness trial.

Methods
Trial design

We employed an efficacy three-arm individually randomised parallel (waiting list)
group design. Our trial was randomised at the individual level, with students within classes
randomised to one of the three trial arms (conditions). These were (1) the ‘1StER intervention
group’, (2) ‘chemistry study group’; and (3) ‘wait-list control group’. The current study
involved students in a school setting, with students grouped together in classes as part of their
daily school activities (i.e., lessons). We recognised that this might cause contamination
through peer learning (i.e., bleeding effects). To control for any such contamination, we
planned to deliver the trial during lunchtime hours in a science classroom on school premises
(where the trial materials would be collected at the end of each session). Students in the
IStER intervention group were invited to attend supervised lunchtime sessions to study/revise

independently using the iStER resource packs with all resources collected by the research
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student at the end of each session. We recognised that such arrangements would introduce a
confounding variable (i.e., research student/science teacher time and attention). To help us
control for the confound of a researcher/science teacher we included a third arm to the
efficacy trial, which was the ‘chemistry study group’. Students in the chemistry study group
were invited to attend weekly lunchtime sessions to study/revise independently using the
same chemistry content presented in a booklet with sessions supervised by a science teacher
and all resources collected at the end of each session.

In total twelve students were randomly assigned to the control group (‘science as
usual). One of the student’s assigned to the control group was mistakenly flagged in the
school register to attend the chemistry study group introductory session. The student arrived
for the chemistry group study session for which reason we decided to keep the student on the

chemistry study group for the feasibility trial.

Participants
This five-week parallel three-arm feasibility trial took place in a secondary school in
North Wales from February to March 2019. An overview of the feasibility efficacy trial

timeline is presented in Table 4.1.

117



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

Table 4. 1 Overview of feasibility trial timeline

Activity Description Date
Sampling Using an anonymised Excel January 2020
spreadsheet list of Year 10 (23/01/2020)

students provided by the school
to select a sample of students

Recruitment Send study information forms to  January - February 2020
the selected students for parental
and carer consent

Pre-test data collection Blind assessor to administer the  February 2020
pre-test to all participating (07/02/2020)
students

Randomisation External researcher not February 2020

associated with the trial to carry ~ (14/02/2020)
out randomisation procedure

Post-test data collection Blind assessor! to administer the  March 2020 (23/03/2020
pre-test to all participating - or was it the Friday
students check)

Note. 1In the feasibility trial protocol we proposed to employ a blind assessor to administer
the pre and post-test assessments. Due to the COVID-19 outbreak we stopped the pilot trial
earlier and a blind assessor from our project partner administered the post-intervention
assessment to students.

We recruited one secondary school in North Wales through our project partners in the
Regional School Improvement Service for North Wales (GwE). The inclusion criteria for the
school were (1) mainstream maintained secondary school in North Wales (in the UK); and (2)
secondary school with students enrolled in Year 10. The trial was stopped two weeks earlier

than the end date due to the COVID-19 pandemic outbreak.

Recruitment, screening, randomisation and blinding procedure

In total thirty-four students were recruited from the secondary school in North Wales
in January 2019. The inclusion criteria for students were (1) students aged between 14 and 15
years (school Year 10); and (2) students studying either triple GCSE science award or double
GCSE science award. In January 2020, the deputy headteacher and nominated science teacher

at the participating school identified potential student participants that met the study inclusion
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criteria (and emailed an anonymised list of the eligible Year 10 students science award
information to the research team to select a sample of students). There were 146 eligible

students in Year 10.

We used explicit simple random sampling to select a sample of students from Year 10
for the needs of the trial (i.e., to ensure that the sample of students is representative of
different academic ability levels in school science). This was because school science classes
were set by student ability. In addition to ensuring that the sample of students was
representative of different student ability levels, it was important to ensure that the sample
was not biased to students who were more academically able and/or more interested in
study/revision and therefore more likely to volunteer to take part in the trial. Also, this would
ensure that the sample would not under-represent students who were less academically able
and/or less interested in study/revision and therefore less likely to volunteer to take part in the
trial. This would also help to avoid any potential ceiling effects with recruiting more
academically able students. Therefore, we randomly selected a sample of students from an
anonymised list of students provided by the participating school. To ensure that the sample of
school students represented different ability levels, we used an anonymised list of Year 10
students sorted according to the science qualification they were studying (e.g., all students
studying triple GCSE science were listed, followed by all students studying double GCSE
science in a separate column). The science qualification information was then used as a proxy
indicator of students’ academic ability in school science (i.e., more academically able
students typically follow triple science award, with the remaining students generally
following the double science and BTEC/applied science qualifications [students following
BTEC/applied science qualifications were not eligible for this study due to the difference in

subject specification they followed]).
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As mentioned above, school science classes were set by student ability, and it was
important to have balanced numbers of students in each trial arm. Importantly, this would
provide a realistic experience in delivering the trial (iStER programme) to students within
school settings where students are generally grouped in classes for science/ where school
science classes are set by student ability. This would inform us about the practicalities of
delivering the iIStER programme within school settings where students are generally grouped
in classes for science. We used one stratification variable (randomisation criteria), which was

the science qualification students were following (i.e., triple, or double science).

We sent the study information and consent letters to the school, and these were
forwarded to the parents and carers (see Appendix F). This informed parents and carers about
the aims of the study and our intention to randomly allocate their children into the iStER
intervention, chemistry study, and control groups. The study information sheet also explained
that students in the chemistry study and control groups would also receive the iIStER
intervention following the end of the five-week efficacy trial by the research student who
delivered the training for the current trial. Parents and carers who were interested in their
child participating in the trial completed the opt-in consent forms and returned these to the
nominated science teacher. In January 2019, we obtained consent from parents and carers of

thirty-four students.

Once we had obtained parental and carer consent the thirty-four students were
administered the pre-test measures described in the following section, by a blind assessor. We
employed an independent data collector who was not involved with the study to conduct the
pre-intervention assessment. A standardised introduction was given to all the students (see
Appendix G containing the script for the blind assessor). We obtained student assent prior to
students completing the pre-test assessments. Four students were absent on the day of the first
pre-test. These students were not included in the randomisation.
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An external researcher not associated with the feasibility trial carried out the
randomisation for the trial using Microsoft Excel. We emailed the students information (i.e.,
science award qualification [list of students following triple science and a list of students
following double science to the external researcher]). The external researcher carried out the
randomisation procedures, allocated the thirty-four students to one of the three trial arms
using the randomisation function in Excel, and emailed a password protected copy containing
student allocation information to the research team the following day. The thirty-four
students were individually randomised allocated to the intervention ‘iStER group’, ‘chemistry
study group’ or ‘waiting-list control group’, with twelve in the waiting-list control, eleven in
the chemistry study and eleven in the iStER intervention group.

We planned for an independent data collector who was not involved with the study to
conduct the post-intervention assessment, so the tester would be blind to which group each
student belonged. Due to the COVID-19 outbreak we stopped the pilot trial earlier and a
member of the research team from our project partner administered the post-intervention

assessment to students.

Intervention (iStER, chemistry study or waiting-list control)
An overview of the efficacy trial phases and groups is presented in Table 4.2. In
reporting the interventions, we followed the template for intervention description and

replication (TIDieR) checklist and guide.

Table 4. 2 Overview of efficacy trial phases and groups

Trial phase Trial group
IStER Chemistry study Control
Pre-test and
introduction to 75 minutes 75 minutes 75 minutes
study
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Trial phase

IStER

Trial group

Chemistry study

Control

Phase 1

Phase 2

Duration of
trial
Post-test

40 minutes of class
time to receive iStER
training and
information about the
lunchtime study
sessions

10 minutes (or more)
during lunchtime in a
science classroom to
study chemistry using
IStER resources, for 3
sessions per week

Five weeks

45 minutes

20 minutes of class
time to receive
information about the
chemistry topics and
lunchtime study
sessions

10 minutes (or more)
during lunchtime in a
classroom to study the
chemistry topics
presented in booklets
using students usual
learning strategies, for
3 session per week

Five weeks

45 minutes

Attend timetabled
chemistry lessons as
usual

Attend timetabled
chemistry lessons as
usual

Five weeks

45 minutes

Note. 1The original duration of the trial was 5-weeks, due to the COVID-19 pandemic
outbreak the trial was stopped two weeks earlier.

The duration of the programme was the same for the iIStER group and the chemistry

study group, and this was a five-week long programme. Also, the amount of time (i.e.,

number of lunchtime sessions) required for participating in the lunchtime sessions to

study/revise independently was the same for the iStER group and the chemistry study group.

The only differences included the learning resources students were provided for the training

and lunchtime sessions and the amount of time required for the introductory training sessions.

At the first session, the research student explained the procedure for the respective

intervention (iStER or chemistry study), showed students the learning resources available for

the IStER or chemistry study sessions and the research student familiarised students with the

resource packs (Appendix H contains the PowerPoint presentation slides for the iStER group

and Appendix | contains the presentation slides for the chemistry study group) and with the

weekly lunchtime study/revision routines for the five-week programme (Appendix J contains

the timetable for the iIStER group and Appendix K contains the timetable for the chemistry

study group). As part of the five-week long programme students were required to attend three
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weekly sessions to independently study using the resource packs and complete the
study/revision routines. Following the training session for the respective intervention,
students started using the learning resources to independently study GCSE chemistry during
lunchtime hours in a science classroom on school premises. At the end of the training session,
students did not receive any further instructions on how to use the resource packs nor about
the lunchtime sessions from us, and were informed that all instructions as well as copies of

the respective intervention presentation slides were contained in their resource packs.

Moreover, for the feasibility RCT, the chemistry content covered five GCSE topics.
These topics were, atomic structure, chemical calculations, formula and equations, nature of
substances and chemical reactions, and the periodic table. The topics were taken from the
WJEC chemistry exam board, and was commissioned from a chemistry specialist from our
project partners in GWE. The chemistry content provided to students in the iStER group and
the chemistry study group was the same. The only difference was the format used to present
the chemistry content. For students in the iStER programme, the chemistry content was
presented on flashcards (called iStER cards) to help students practise learning using retrieval
practice (Appendix L contains a PDF version of an example of iStER flashcards containing
the chemistry content, students received these as packs of cards). In total there were 110
IStER flashcards containing the chemistry content. Students in the chemistry study group

received A4 booklets containing the same chemistry content (see Appendix M).

Improving standards through effect revision (iStER) intervention

A summary of the iStER intervention group can be found in Table 4.2. During phase
1 students in the iStER group participated in the iStER training session in a classroom on
school premises. The training session involved a presentation (and practical session)
delivered by the research student and lasted approximately 50 minutes (duration of one
school lesson, 45 minutes for the iStER training and 10 minutes to give feedback on the
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presentation). During the iStER presentation we introduced students to the iStER programme
and outlined the key concepts of the programme which included teaching students about
proactive independent learning, investing time towards independent study, which are the
more and less effective learning strategies (a more detailed description of each of these
aspects is given below). We then gave students their individual iStER resource packs and
provided a step-by-step demonstration on how to use the iStER resources independently to
study GCSE chemistry in school during the organised weekly lunchtime study/revision

sessions (Appendix H contains a copy of the PowerPoint presentation and training slides).

Demonstration on how to use the iStER resource packs

First to encourage students to develop the habit of proactive independent study and to
break any barriers students might have to avoid independent work we taught students about
the Ten Minute Rule activity. It involved telling students to undertake ten minutes of intense
work, that’s all, we told students that they were only expected to study the chemistry content
for a minimum of ten minutes, although they could study for longer if they wanted. Once
students have their resource packs, students first take out the iStER calendar which contains
information on which file of card they should practise (i.e., green study file, red review file or
yellow review file). If the calendar shows the study green file, students take out the green file
which contains the pack of chemistry cards that students need to learn. Students were shown
first to shuffle the cards (to avoid any order effects) and then before students start to learn the
cards they write down the date and time they start, using the iStER calendar where it says
time start. Students then spend ten minutes learning the content on these cards using retrieval
practice. To learn using retrieval students were instructed to first read the question, before
turning the card to see the answer, students were instructed to remember and write down the
answer to the card in their iStER journals. Students can then turn the card to see if the answer

they have written down is correct/incorrect. When students correctly remembered and wrote
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down the answer to a card, the card could be moved to the red file. If students could not
remember the answer correctly then the card goes back into their green file. Students go
through the rest of the cards in the pack in the same way. After 10 minutes students can stop
or alternatively carry on, it is up to them. Once students have stopped they write down what
time they finished using the iIStER calendar record label where it says time finish. Before
returning the resource packs to the research student, students also complete the iStER record
label, so they write down the date, the time they started and finished and place the sticky

label in the page where they finish the day’s study.

Using the resource packs we gave students the above mentioned demonstration on
how to use the red and yellow review files. Students were instructed to follow the exact same
procedure when reviewing the cards in the red and yellow files. When reviewing the cards in
the red file using the same process outlined above for the green file, students were taught if
they struggle or cannot remember the answer to the cards then they have to move the card(s)
back to the green file (for frequent study) or the yellow file if they can remember and write
down the answer without any struggle. When reviewing the cards in the yellow file, using the
same process outlined above for the green and red file, students were taught if they make any
mistakes or struggle to remember the answer at all then they have to move the card(s) back to
the red file for more frequent review, if however, they can remember and write the answer
easily without any struggle then it can stay in the yellow file. This is based on an effective
practice and recall strategy called the Leitner system (Tamm, 2023; Wadsworth, 2022), a
common system for flashcards implementing systematic spaced learning. Leitner’s system for
organising cards into boxes was designed to prevent students from focusing on cards they
know well and avoid cards they might be struggling with. For the current study we chose to

use files.
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The weekly supervised lunchtime study sessions at the school began for students with
the research student giving students their individual iStER resource packs. Students then
found a space in the classroom to sit down and started using the iIStER packs using the steps
mentioned above to study chemistry on their own. The duration of the lunchtime
study/revision session was 40 minutes (12:50-13:30). Students were only required to attend
for a minimum of ten minutes (as part of the Ten Minute Rule activity), anytime between the
start and end of their lunch break, however they could study for longer if they wanted. Once
students finished studying using the iStER resource packs for the session, the resource packs
were returned to the research student, and students left for their next lesson. The role of the
research student at the lunchtime sessions was to collect feasibility data and to direct students

to the resource packs for instructions on how to use the packs if students needed reminding.

We identified key aspects of students’ learning practice following a review of the
literature and our own survey studies presented within chapters 2 and 3, which we have
incorporated into the iStER training session. These were covered in the presentation and

included:

Reactive and proactive independent study. During the presentation students were first
taught about reactive and proactive independent learning and the distinction between study
and revision. Oakes and Griffin (2016) proposed independent study as falling into two
categories: reactive and proactive. Reactive independent study involves completing work by
teachers and should form a small proportion of learners’ time. Proactive independent study is
work learners set themselves to do. It was important to first help students understand the
distinction between independent work and work assigned by their teachers, as well as the

distinction between the study and revision.
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Effort towards independent learning. Next, students were taught about the
importance of effort (i.e., investing time) towards independent learning to be successful
learners. In Oakes and Griffin’s (2016) VESPA system, the authors outlined ‘effort’ (i.e.,
investing many hours of proactive independent study) as an important quality students need
to be successful learners. Oakes and Griffin further proposed one way to help students
understand the importance of effort and to encourage high levels of effort is to promote
studies of successful individuals. In the iStER presentation we promoted a study by Bloom
(1985) with world class tennis players, which showed that the tennis participants ‘willingness
to invest great amounts of time and effort” were significant factors in their success.
Furthermore, we promoted Oakes and Griffin’s (2016) own research with secondary students
which showed that their highest achieving students would invest time towards proactive

independent study.

Learning strategies. Next, students were introduced to common learning strategies
for independent study/revision and taught about the utility of these commonly used learning
strategies among student populations. We then focused on the effective learning strategies
(i.e., retrieval and spaced practice). We provided students with the knowledge about effective
learning strategies (i.e., theory, definitions, examples, how these strategies can help students
to learn, benefits of using these strategies). To help students use retrieval practice and spaced

practice for independent learning we developed the IStER resource packs.

Once we have introduced students to the relevant theory for the iStER programme, the
students then took part in the practical session which involved giving students individual
IStER resource packs and a step-by-step demonstration on how to use the resources to learn
using evidence-informed approaches and effective learning strategies (i.e., spaced and

retrieval practice). A description of the resource packs is given below.
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How to use the iStER resource packs

IStER resource packs. The contents of the iStER resource packs are presented in Table 4.3.

Table 4. 3 List of iStER materials contained in iStER resource packs

Item Purpose
To use effective practice and recall strategy,
called the Leitner system. To effectively
IStER files organise cards (prevents students from

Ten Minute Rule Sheet

IStER pack of cards

IStER diary

Record labels

iStER calendar

IStER training presentation
slides

focusing on cards they know well, and
avoid cards they might be struggling with).

Ten Minute Rule

To develop the habit of independent
study/revision

To learn content using retrieval practice.
Provides immediate feedback.

To write down answers to the cards.

To keep a records of study/revision
sessions.

To space out learning

==/ &
Reminder about effective learning strategies ' —
= /
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Our survey with secondary students presented within Chapter 3 showed that most of
the students reported that they spend less than one hour in a typical week studying for science

outside of the classroom.

Ten Minute Rule activity. To encourage students to develop the habit of proactive
independent study we used the Ten Minute Rule activity, described previously. This is an
effort activity which helps to break barriers students might have to avoid independent work.
It involves telling students to undertake ten minutes of intense work, that’s all. As part of the
IStER programme, we told students that they were only expected to study the chemistry

content for a minimum of ten minutes, although they could study for longer if they wanted.

IStER Flashcards. The chemistry content was presented on flashcards. One way to
help students apply retrieval practice is using flashcards. Flashcards are a versatile study tool
which can be used to practise retrieval practice, for example, we instructed students to first
read a question and then practise remembering the answer. Flashcards also give immediate

feedback, a principle of effective instruction (Hughes et al., 2007; Hunter et al., 2016).

Leitner system. We included labels on the files with instructions to remind students
how to use the files to organise the iStER flashcards and when to move cards between the

different files (see Appendix N).

IStER calendars. To help students know which file of cards they should study we
provided students with calendars which show them exactly which file they should
study/revise in a particular session (Appendix O contains a copy of the iStER calendar). On
certain days the iStER calendar showed students had to practise cards in the more than one
file (i.e., red review file and green study file), this was to ensure that if students did not yet
have any cards in their review files then they could still practise learning the cards in their

green study file. In addition to ensuring that there were sufficient cards for students to study
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in each session, the cards in the review files were the cards students were more familiar with

so should take less time to go through.

IStER journals. To prevent students from turning the cards to see the answer, we
provided students with journals in which students had to first write down the answer to a card

before turning the card to see if the answer was correct/incorrect.

Chemistry study group intervention

A summary of the chemistry study group can be found in Table 4.2. During phase 1
students in the chemistry study group attended an introductory session in a classroom on
school premises. At the introductory sessions, the research student delivered a presentation
about the study programme their school is taking part in and outlined the procedure for the
five-week long programme. We then gave the students individual chemistry resource packs
and familiarised students with the content of the resource packs for students to use during the

lunchtime sessions.

We then showed students the chemistry revision packs to be used for the lunchtime
study/revision sessions. We gave the pupils a step-by-step demonstration on how to use their
study/revision timetables, and then how to use the chemistry revision packs on their own
during the weekly lunchtime study/revision sessions. The introductory session for the
chemistry study group required approximately 35 minutes, for the research student to explain
to the students the procedure for the 5-week long revision programme, and how to use the
chemistry revision packs and complete the lunchtime study/revision routines. Following the
introductory session, students began using the revision packs during supervised lunchtime

study/revision sessions, three times a week, in a science classroom on school premises.

The weekly supervised study/revision sessions at school for the students in the

chemistry study group began by the science teacher / research student giving students their
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individual chemistry revision packs. Students then found a space to sit down in the classroom
and began using their chemistry revision packs by themselves. The duration of each
lunchtime study/revision session was 40 minutes (12:50 and 13:30). Students, however, were
only required to attend for a minimum of 10 minutes, anytime between the start and end of
their lunch break and could stay for longer if they wanted. Once students had finished using
their chemistry revision packs, the packs were returned to the research student/science
teacher, and the students left for their next lesson. Students in the chemistry study group had

access to the chemistry topics in a booklet (see Appendix M).

Science as usual (waiting-list control)
Students in the control group attended their weekly science classes as usual and
continued with any independent study/revision without being required to attend any

additional weekly study/revision sessions.

Outcome measure (assessments and measurements)

Given that this was a feasibility trial the primary objectives were not to assess the
effect of the iIStER learning programme. Nonetheless, science assessments were conducted
pre- and post-intervention to assess response, completeness, length and time. The following

assessment were used/investigated:

WJEC chemistry previous exam paper questions aligned with the content of the iIStER
chemistry flashcards. The shorter version of the Effective Revision and Study Strategies

Questionnaire (ERaSSQ). The Science Motivation Questionnaire (Glyn, 2011).

We also measured demand for the lunchtime study/revision session (programme) by
students in the trial by measuring the follow-up rates of the students (i.e., attrition and
retention rates). We recorded the number of students who completed the five-week trial as

well as the number of students that dropped out before the end of the five-week trial end date.
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We explored demand for the intervention (iStER programme) and lunchtime
study/revision sessions by students in the trial by measuring the number of students who
attended the weekly lunchtime sessions. We recorded students' attendance to the lunchtime

sessions for students in both the iIStER and chemistry study group.

The intervention's practicability was considered as the suitability to attend the weekly
lunchtime study/revision sessions (to use the iIStER packs) and was measured in terms of the
number of pupils who could attend the weekly sessions. We recorded pupils’ attendance to
weekly sessions and pupils were asked to report additional commitments/activities on the

day(s) sessions that they had, which might have been a conflict.

We assessed engagement with the intervention by the students in the trial by
measuring the use of the study/revision resource packs in terms of any entries made by
students in the study/revision journals for the iStER and chemistry study group. The number
of entries made by students in the study/revision journals was recorded at the end of each
session. In addition to assessing engagement with the resource packs by students in the iStER
group, we assessed compliance with the resource by measuring any entries made by students

in the iStER journal.

For the iIStER group, we further assessed engagement by measuring any change in the
number of iIStER chemistry flashcards in each file (green, yellow and red). The number of

cards in each file was recorded at the end of each session.

Sample size

Following guidelines in the literature on sample size calculation for feasibility trials
and advice from a statistician in the North Wales Organisation for Randomised Trials in
Health, we planned to recruit seventy-five students in Year 10, and allocate twenty-five

students to each of the three arms to the trial. Importantly, this would also provide experience
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in delivering the iStER programme to an average number of students in a school classroom.

Would inform us about the practicalities of delivering the iStER programme.

Ethics
We obtained ethical approval for this study from the Research Ethics committee of

Bangor University (ethical approval number: 2019-16566).

Results

Recruitment and retention

Timeline for initial recruitment and resource preparation

We recruited one secondary school in October 2019. We recruited students in the new
school term in January 2020. Selecting and screening 35 students took three weeks. We had
three weeks to recruit students, in that time we were able to recruit 35 students. The study
information letters were given to 146 students on 29th January. Thirty-six consent forms were
returned to the school the following week. No more outstanding forms were returned by
students. At this stage, we decided to postpone the start date for the trial from Monday 10"
February to the first week back from the February half-term (Monday, 24" February), to give
some more time to increase our effort to recruit more students and prompt students with

outstanding forms.

We organised the first pre-test session for the students who had returned signed
consent forms, on Friday 7th February. In total, thirty-four students completed the pre-test on
the first pre-test session. A second pre-test session was planned for the following week on
Friday 14th for any students who returned consent forms by then and for any of the students
who were absent on the day of the first pre-testing session. The second pre-test session did
not take place because the school science contact was absent during the second week
(10/02/2020-14/02/2020), and therefore we could not make further arrangements for the

students to complete the pre-tests. We could no longer postpone the trial start date, as this
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would impact the timescale and therefore decided to start the feasibility trial with the 34

students who had completed the pre-test in the first testing session.

Retention

The thirty-four students who completed the pre-test were randomised to one of the
three trial arms. Figure 4.1 outlines the flow of student participants from screening to the
final analysis using a CONSORT diagram. Initially, twelve students were assigned to the
control group, eleven students were assigned to the chemistry study group and eleven were
assigned to the iStER group. On the day of the introductory session one of the students
assigned to the control group (participant number 23) was mistakenly flagged in the school
register to attend the introductory session for the chemistry study group. We decided to retain
the student in the chemistry study group for the duration of the trial. For this reason we report

this student's data alongside the results for the chemistry study group.

There were four students that were absent on the day of the first pre-test. These
students as well as any other students who submitted consent forms between later would

receive the iIStER programme at the end of the trial with students in the control group.

At the iStER training session two students in the iStER group decided to withdraw from the

study trial.
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Figure 4. 1 CONSORT flow diagram

Implementation fidelity, adherence (attendance) compliance
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Attendance to the weekly lunchtime sessions of the students in the iStER and
chemistry groups is presented in Figure 4.2. In total, eleven students were randomly allocated

to the iIStER group and 12 students to the chemistry study group.

Figure 4. 2 iStER and chemistry group student attendance to the weekly lunchtime
study/revision sessions

12
O-iStER intervention group ==@==Chemistry study group

10

Number of Students

Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 Session 8 Session 9

Weekly lunchtime session

IStER resource packs

To assess student engagement with the iStER resource packs over the lunchtime
sessions, we measured the number of iIStER flashcards in students' study and review files at
the end of each session. Engagement with iStER packs of each student in the iIStER group is
presented in Figures 4.3 to 4.9. The figures are presented in order by the number of sessions
attended by each student (from most to least attended sessions). Figures 4.3 to 4.9 show the
number of cards per file as well as the number of sessions attended by each student in the
IStER intervention group. In the first session, there were 110 iStER flashcards in the study

green file for all the students.
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Figure 4. 3 iStER intervention group student 32 engagement with the iStER resource packs
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Figure 4. 4 iStER intervention group student 30 engagement with the iStER resource packs
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Note. We have presented the data from the sessions students attended, the gaps show the
sessions students missed.
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Figure 4. 5 iStER intervention group student 28 engagement with the iStER resource packs
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Note. We have presented the data from the sessions students attended, the gaps show the
sessions students missed.

Figure 4. 6 iStER intervention group student 29 engagement with the iStER resource packs
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Note. We have presented the data from the sessions students attended, the gaps show the
sessions students missed.
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Figure 4. 7 iStER intervention group student 33 engagement with the iStER resource packs
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Figure 4. 8 iStER intervention group student 25 engagement with the iStER resource packs
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Figure 4. 9 iStER intervention group student 24 engagement with the iStER resource packs
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Note. We have presented the data from the sessions students attended, the gaps show the
sessions students missed.

To further assess the students engagement and motivation to use the iIStER resource
packs during the lunchtime sessions among students in the iStER group, we measured the
number of entries made by students’ in their iStER journals (i.e., number of iStER flashcard
questions students attempted to answer and wrote the answer for in their journal).
Engagement and motivation to use the iStER resource packs by students in the iStER
intervention group is presented below in Figure 4.10. Figure 4.10 shows the number of
entries made by the iStER intervention group students in their iStER journals (i.e., number of
IStER flashcard questions students attempted to answer and wrote the answer for in their
journal). The frequency scores for the number of entries made by the iStER intervention

group students in their iStER journals are presented in Table P.1 (see Appendix P).
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Figure 4. 10 iStER intervention group student engagement with the iStER resource journals
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Chemistry study group resources

To assess student engagement with the resource packs over the lunchtime sessions
among students in the chemistry study group, we measured the number of entries made by
students who attended the sessions, in the journals at the end of each session (i.e., number of
questions students would have attempted from the chemistry booklet). Engagement with the
resource packs by the students in the chemistry group is presented below in Figure 4.11.
Figure 4.11 shows the number of entries made by the chemistry intervention study group
students in their journals (i.e., number of notes, number of questions students wrote down).
The frequency scores for the number of entries made by the chemistry study intervention

group students in their journals are presented in Table P.2 (see Appendix P).
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Figure 4. 11 Chemistry intervention study group engagement with the revision resource
packs.

12

10

Student Journal Entries

Weekly Lunchtime Session

—@— Student 22 —@— Student 12 —O— Student 18 —@—Student 19 ©— Student 21 O— Student 14 —@—Student 13 —@— Student 17

Exploratory scores of students’ chemistry assessment scores

Given that the present trial was a feasibility, we did not analyse students’ assessment
scores to evaluate any gains in students' chemistry content knowledge as a result of
participating in the trial and between the three study groups. Moreover, there were
limitations in the outcome data in the present study as the trial was stopped earlier (i.e., fewer
students completing the post-test). In total seventeen students completed the post-test, three
students from the iStER group, eight students from the chemistry study group and six
students from the control group. Table 4.4 presents the median scores for students pre and
post-test chemistry content scores by trial group. Table 4.5 presents the chemistry pre and
post-test scores of the students in the control group, Table 4.6 presents the chemistry pre and
post-test scores of the students in the chemistry study group alongside the number of sessions
attended and Table 4.7 shows the chemistry pre and post test scores of the students in the

IStER intervention group alongside the number of sessions attended.
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Table 4. 4 The median scores (IQR*) for students pre- and post-tests on measures of
chemistry content outcome by trial group

Pre-test Post-test
m (IQR) m (IQR)
iStER 24.0 (18) 27.0 (12)
Chemistry study 26.0 (19) 26.5 (25)
Control 23.0 (13) 23.5 (14)

Note. *IQR = interquartile range.

Table 4. 5 Control group chemistry scores at pre-test and post-test.

Participant Pre-test score Post-test score
1 19
2 26 22
3 29 25
4 21
5 28 30
6 34 34
7 12
8 11 13
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Participant Pre-test score Post-test score
9 24
10 23 18
11 15

Note. Chemistry scores were out of a total 56.

Table 4. 6 Study group chemistry scores at pre-test and post-test, and number of sessions
attended.

Participant Pre-test score Post-test score Number of sessions attended

12 27 27 6
13 24 26 2
14 33 31 3
15 25

16 34

17 46 39 1
18 16 11 6
19 14 15 5
20 15
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Participant Pre-test score Post-test score Number of sessions attended
21 14 9 )
22 43 40 8
23 32

Note. Chemistry scores were out of a total 56. In total there were nine sessions.

Table 4. 7 iStER group chemistry scores at pre-test and post-test, and number of sessions
attended.

Participant Pre-test score Post-test score Number of sessions attended
24 18 2
25 30 5
26 34
27 21
28 29 6
29 36 35 6
30 24 27 7
31 12
32 25 23 9
33 10 5
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Participant Pre-test score Post-test score Number of sessions attended

34 9

Note. Chemistry scores were out of a total 56. There was a total of nine sessions.

Discussion

The aim of the present study was to test the feasibility of using the iStER programme
to help secondary students in Year 10 learn GCSE chemistry during lunchtime sessions. We
designed this study as a feasibility randomised controlled efficacy trial to inform a later more
definitive trial. Our primary objectives for the feasibility efficacy trial were: (1) to assess
school and student acceptability of the intervention (2) to examine whether parents and carers
would be willing for their child(ren) to be randomised to one of the trial arms; (3) assess how
many students accepted the invitation to participate in research; (4) assess retention of
students to lunchtime sessions by estimating attrition/retention rates; (5) assess student
engagement with the iStER programme by estimating weekly session attendance rates, use of
IStER resource packs; (6) to test study feasibility for lunchtime study and revision sessions
for using the iIStER programme (i.e., do lunchtime sessions for using the iStER during school
hours work?). In addition the study aims to establish suitable procedures for delivering the
IStER programme for a future definitive RCT. The aim was to establish the practicalities of
delivering the iStER in school during supervised lunchtime sessions. In the following section,

each of these efficacy trial objectives are discussed.

Recruitment, retention rates and attrition

The school science contact provided a list of eligible students. Although we planned
to recruit 75 students, after one week only 36 parents/carers consented to their child(ren)
participating in the study, signed forms were returned to the school science contact.

Encouragingly, these parents/carers consented to their child(ren) being randomly assigned.
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To help increase the number of students for the trial we postponed the trial start date to allow
additional time for students to return outstanding consent forms. Despite our efforts, no more
consent forms were returned. These data suggest that for a future larger evaluation trial we
might need to employ a different recruitment method and allocate more time for parent/carer
and student recruitment (i.e., allow time to send multiple reminders). Furthermore, we
planned to have two pre-testing sessions, this was to allow students who returned consent
forms in the second week and any students that were absent on the first day of the pre-test the
opportunity to complete the pre-tests. A longer recruitment period would be helpful to send
reminders to parents and carers to encourage them to participate. The school science contact
was absent during the week of the second pre-test and therefore we were not able to make
further arrangements within the school for the four students who were absent on the day of
the pre-test, or returned forms later, to complete the pre-test. Given that the initial timescale
for the trial was reduced to five weeks from six weeks, we decided to start the feasibility
efficacy trial with the 34 students who had completed the pre-test during the first testing
session. We decided that the four students that were absent on the day of the first pre-test and
any students who return signed consent forms after this would receive the iStER learning
resource with the students in the control group and chemistry study group. For a larger trial it

would be beneficial to have an additional science contact within the school.

In addition to obtaining parental and carer consent for the present trial we also
obtained student assent prior to students completing the pre-test. One student declined to
participate in the study on the day of the pre-test. Moreover, two students in the iIStER group
withdrew from the trial on the day of the iStER training session. There was a retention rate of
81.82 per cent in the iIStER group, and 100 per cent in the chemistry study group. The

findings are encouraging in terms of one of the trial objectives.

Implementation fidelity, adherence (attendance)
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All students in the iStER group received the intervention (iStER training and resource
packs), adherence to the weekly lunchtime study/revision sessions of the trial was low with
only one student attending the proposed three sessions per week. One of the reasons why
some students were not able to attend all three sessions was because of other commitments
during lunchtime hours. However, the overall attendance to the weekly lunchtime sessions of
the trial among students in the iStER intervention group was 77.78 per cent. These data
suggest that students in the iStER intervention group were keen to study/revise chemistry
independently during their lunch hours and suggests that there is a demand among secondary
students for study/revision learning resources. These are promising findings for a larger
evaluation trial.

The main outcome measures were successfully implemented with all the students.
Given that the current study was a feasibility efficacy trial and was stopped earlier due to the
COVID-19 pandemic we did not assess change, and particularly whether the iStER
intervention group made significant gains on their chemistry scores (i.e., content knowledge).
Only three students in the iStER intervention group completed the post-test. Focusing on
individual students, one student in the iStER intervention group scored higher in the post-test.
The chemistry scores of two of the students in the iStER intervention group were slightly
lower in the post-test assessment compared with the pre-test. Adherence to the proposed level
of intervention intensity (3 sessions per week) was not possible. This was a limitation of the
current study. In school settings, additional activities during lunch hours meant some
students were unable to find time to attend the lunchtime session to use the iStER resource
packs. Consequently, intervention intensity varied between students in the iStER intervention
group. Due to the lower number of students, we did not explore the correlation between the

number of session(s) a student attended and any improvement students might have made at
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post-test. An additional limitation of organising the efficacy trial during lunchtime was some
students wanted to bring their friend(s) along to the session.

We recognise that intervention outcome is important, however, our feasibility efficacy
trial findings suggest that there is a demand for support with study/revision among secondary
students. The overall attendance among students in the chemistry study group was 66.67 per
cent for the lunchtime sessions. This was despite students in this group not receiving the
IStER packs, instead students were given the chemistry content in a booklet format (see
Appendix M) to study using their usual/own learning strategies. These data suggest that
students in the chemistry study group that did not receive the iStER learning resources were
keen to study/revise chemistry independently during their lunch hours and suggests that there
is a demand among secondary students for study/revision learning resources. These are
promising findings for a larger evaluation trial.

To further measure fidelity of the programme, we assessed student engagement with
the iStER resource packs. To help assess this, we collected data at the end of each session
from students iStER resource packs on the number of iStER flashcards in each file (i.e., green
study file, red review file, yellow review file) and on the number of entries made by students
in their iStER journals (i.e., number of iStER flashcards students attempted), instead of
students self-reporting this data. The data on all individual students in the iStER intervention
group who attended the lunchtime sessions indicated the students were engaging with the
IStER resources and made progress with the iStER flashcards. Over the course of the efficacy
trial the number of cards in students study green file decreased with attendance to the
lunchtime sessions. The number of cards in the review files (i.e., red, yellow) decreased with
attendance to the lunchtime sessions. We used iStER journals to ensure students were using
retrieval practice to learn the iIStER flashcards (i.e., students were required to first read a

question, before turning the iStER flashcards to see the answer students had to write down in
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their journal). All students in the iStER intervention group who attended the sessions made
entries in their journals, suggesting that students were engaging with the resources. The use
of files based on the Leitner system to ensure students do not progress before learning the
content on the cards in the study green file allows students to self-pace and help ensure
students do not avoid the cards they might not know well and practise the cards they know
well. Given the small number of students in the current trial it was feasible to collect this
data. For a larger scale, monitoring of these aspects is important. For a future larger scale
intervention implementation, additional resources would be needed. However, it might
involve additional costs and researcher time on visiting schools to collect the data. For a
future trial larger scale sixth form students could be trained to support collecting data on

students progress.

Recommendations for a future RCT

Our current study was a feasibility efficacy trial randomised at the individual student
level. We recruited one secondary school and separated students individually to one of the
three trial arms (i.e., iStER intervention group, chemistry study group, waiting list control
group). Given that the sessions were organised outside of timetabled lessons, it was possible
to separate students individually for the purpose of our trial to eliminate potential
contamination through peer to peer learning (students receiving the iStER resource packs
sharing these with students allocated to the chemistry study group, control group). This was
successful, however, to control for potential contamination the IStER resource packs were
collected by the research student at the end of each session. The presence of a research
student introduced an additional confound (i.e., researcher), for which reason we had to
employ an additional group for the current trial (i.e., chemistry study group). However, the

feasibility of individual randomisation in a larger, full-scale evaluation is important to
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consider because of the potential for contamination as well as additional costs in terms of
resources and researcher time spent on an additional trial group. Moreover, implementation
of an individually randomised trial was feasible partly due to the small number of students
who received the intervention. An alternative approach to use in applied educational settings
is a cluster randomised design. In the cluster RCT the school or class will be the unit of study
with intervention delivered to an entire class or even school (Connolly et al., 2017). In fact, in
education research trials the clustered RCT design is the more widely adopted design because
students are grouped in classes as part of their daily school activities (e.g., lessons), therefore
this minimises any unnecessary class disruption and because often it is practically not
possible to separate students individually for the purpose of a trial during timetabled school
lessons. In a future evaluation of the iStER intervention using a clustered RCT design,
randomisation would be at the school level. Schools will be the unit of study with
intervention delivered to schools. Schools will be recruited on the basis that they would be
allocated to receive the iStER intervention or to a waiting list control group in which they
continue to deliver any usual study/revision provision and students continue to attend lessons

as usual, until the end of the trial when control students would also receive the intervention.

We have mentioned above that a limitation of the current trial was adherence to the
proposed level of weekly sessions as well as students wanting to bring their friend(s) to
sessions. Another approach using a clustered RCT design is to deliver the iStER intervention
during timetabled lessons, either at the start or end of lessons. In such an evaluation of the
IStER intervention using a clustered RCT design, randomisation would be at the school level.
This would be an efficacy trial. Given that the current efficacy trial assessed the feasibility of
lunchtime sessions to deliver the iIStER programme, any future trials in which the iStER
intervention is delivered at a different time would also be an efficacy trial before scaling up to

an effectiveness trial.
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Overall, in the current trial we have generated data to inform a future definitive larger
trial of delivering the iStER intervention during weekly lunchtime sessions. We have
demonstrated that it is possible to conduct studies with strong experimental design with
secondary students in schools. We have gained experience in delivering the iStER
programme and have established the practicalities of delivering the iStER intervention in
school during supervised lunchtime sessions. There are two possible next steps in our
research. One option is to design a clustered RCT to deliver the iStER during lunchtime
sessions. This programme is ready to be scaled to an effectiveness trial. Given the limitations
in terms of delivering the iStER intervention during lunchtime sessions (i.e., adherence), an
alternative option for us might be to first explore lesson time for delivering the iStER
intervention using a clustered RCT design. This programme would be an efficacy trial.
Importantly, our trial has shown that there is a demand for evidence-informed study/revision

learning resources to support independent learning among both schools and students.
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Chapter 5: Discussion

Preface

This chapter provides a summary on the overall findings of the thesis, including the
implications and recommendations for schools, school improvements professionals and
policymakers. We highlight the need for ongoing research into support with independent

learning in Wales and discuss the challenges of undertaking school-based research.
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Overview of thesis aims

There is a need to improve the standard of science outcomes in secondary schools in
Wales as repeatedly highlighted in the work undertaken by PISA and Estyn (OECD, 2007,
2010; 2014a; Estyn, 2017). Given the importance of science, it is crucial that evidence-
informed interventions are identified and used. In 2021, the Welsh Government’s National
Strategy for Educational Research and Enquiry (NSERE) was launched to help ensure
educational provisions are focused along more evidence-informed lines (Welsh Government,
2021). The recent COVID-19 pandemic has highlighted the need for students to have strong
independent learning skills (Waters-Davies et al., 2021; Department for Education, 2022). A
recommendation proposed from the findings of the research studies on the impact of the
pandemic on the Welsh Education System for 2020 was that the new curriculum should
consider the importance of independent learning (Welsh Government, The National Strategy
for Educational Research and Enquiry, July 2021). The use of evidence-informed learning
strategies for independent learning (i.e., study and revision) can play an important role in
helping secondary students improve learning in science and develop strong independent

learning skills.

In 2013, Dunlosky et al. (2013) evaluated ten commonly used learning strategies by
student populations and provided a useful utility ranking of the learning strategies. The
findings of Dunlosky et al. (2013) and associated research in cognitive and educational
science have important implications for students’ independent learning practice. There is
however a distinct lack of research into what learning strategies are currently being taught in
schools and what learning strategies students’ use for independent learning. The studies in
this thesis have, for the first time, provided an insight into secondary school students’ use and

understanding of common learning strategies for independent learning for science in the UK.
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The broad aim of the thesis was to evaluate the use of evidence-informed learning
strategies for improving secondary school students' learning in science. As a first step, it was
important to first evaluate what learning strategies were being promoted in secondary schools
and what strategies students’ were using to study/revise for science. In the first survey study,
we explored secondary school science subject leaders’ understanding and recommendations
of learning strategies to help students revise for science examinations (Chapter 2). We
conducted a cross-sectional survey with 35 science subject leaders teaching in secondary
schools in North Wales. The second study was a population-based survey with secondary
students and evaluated students’ use and understanding of learning strategies for independent
learning (Chapter 3). In total, 29 secondary schools in North Wales participated in the survey,
and we obtained responses from 385 secondary students in participating schools. The third
study in this thesis represents a project that extended our work in the first survey we
conducted to investigate the impact of COVID-19 on the study practice of secondary
students. Guided by our survey findings with teachers and students, the next step in the PhD
involved developing a learning resource called Improving Standards through Effective
Revision (iStER) programme to educate secondary students about the most effective learning
strategies and improve their independent learning skills. The final study assessed the efficacy
of a feasibility randomised controlled trial of lunchtime study/revisions sessions to learn
GCSE chemistry using the IStER learning resource. In the following section, Chapters 2, 3
and 4 are discussed in more detail together with the strengths, limitations and future

directions for research for each study.

Chapter 2
The use of evidence-informed learning strategies has become an important subject
both in teacher continuing professional development (CPD) circles and also researcher-driven

websites and fora aimed at getting evidence into education (e.g., The Learning Scientists
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[https://www.learningscientists.org/], Unleash the Science of Learning

[https://www.retrievalpractice.org/], Bringing cognitive science to the classroom

[https://cogscisci.wordpress.com/]). School teachers are an important source of information

and guidance for students as they prepare to learn and revise for examinations. To increase
the use of evidence-informed learning strategies in schools, it was important to understand
what learning strategies teachers are promoting and what they understand about effective
learning strategies. Studies with instructors at all educational levels showed that educators
promote both less and more effective learning strategies and have a moderate understanding
about evidence-informed learning strategies (McCabe, 2018; Piza, 2018; Morehead et al.,

2016; Perry et al., 2021; Surma et al., 2022).

To date, only two of the studies involved a survey with school teachers on their
recommendation and understanding of evidence-informed learning strategies (Perry et al.,
2021; Surma et al., 2022). There was no research in the UK that had evaluated the learning
strategies promoted by teachers in secondary schools. It was important to know which
learning strategies are currently being promoted by teachers in secondary schools. We
conducted a cross-sectional survey with science subject leaders in North Wales, to evaluate
the learning strategies subject leaders promote in schools to help students revise in
preparation for science examinations. Our survey findings have for the first time provided an
insight into secondary school science teachers’ recommendation and understanding of
common learning strategies. Our results showed that teachers in schools encourage the use of
a variety of common learning strategies including both low and high utility strategies, and
have a moderate understanding about the utility of learning strategies. These findings align
closely with the outcomes of previous studies in university and school settings (McCabe,

2018; Piza, 2018; Morehead et al., 2016; Perry et al., 2021; Surma et al., 2022).
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Importantly, our findings suggest that many teachers, trainees, newly qualified and more
experienced teachers would benefit from an improved understanding of evidence-informed
learning strategies, and how to better support learners use these strategies. There is a need for
ongoing research into the learning strategies promoted by teachers in secondary schools, as

well as teachers’ understanding of evidence-informed learning strategies.
Strengths, limitations and future research

We acknowledge some limitations in our survey with secondary teachers presented
within Chapter 2. There was a typographical error on the response scale for survey item one,
for this reason we decided not to administer the survey electronically to any subject leaders
that were not present at the meeting to increase the survey response rate. Nonetheless, this
study achieved a response rate of 64.8%. Despite these limitations, this is the first study to
report on secondary teachers’ recommendations and understanding of a variety of common
learning strategies to help students with independent revision of science from a sample of
teachers in mainstream schools in the UK. However, as the survey focussed exclusively on
science subject leaders, future studies should also focus on both trainee and more experienced
science teachers’ recommendations and understanding of learning strategies.

Although we have made a start on developing this evidence, there is clearly more
research needed, especially considering we only focused on science learning. Additionally,
other curriculum areas rely less on formal examinations, and it would be interesting for future
research to investigate how students best prepare for a variety of different curriculum areas.
This is especially important within the context of reform in Wales and the move towards a

focus on diverse forms of assessment methods.

Chapter 3
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One of the main aims of this research was to evaluate students’ knowledge and use of
learning strategies in secondary schools. Much of the earlier research into students’ use and
understanding of learning strategies have been with university students and report findings
from surveys using non-probability sampling methods (i.e., convenience sampling). To date,
only the study by Agarwal et al. (2014) and Dirkx et al. (2019) involved a survey with
secondary school age students. However, a limitation of the study by Agarwal et al. (2014)
was that the authors collected responses from students at the end of an experimental study on
retrieval practice, which might have influenced students’ responses to the survey questions.
Moreover, the studies by Agarwal et al. (2014) and Dirkx et al. (2019) used convenience
sampling and these studies did not assess secondary students’ understanding of learning
strategies. There was still no research using probability sampling methods and it was still
unclear why students’ might rely on less effective learning strategies (i.e., lack of awareness
about more effective learning strategies, lack of knowledge about the effectiveness of the
learning strategies they frequently use). Although the studies by Agarwal et al. (2014) and
Dirkx et al. (2019) for the first time provided an insight into secondary students’ use of
learning strategies, these studies were based on samples of secondary students in the US and
the Netherlands. There was still an absence of empirical research into secondary students'
learning practice in the UK. It was important to close this research gap, and to collate
evidence that would help inform the next steps in the PhD, and inform our project partners

guidance to schools to help students access and use more effective learning strategies.

We conducted a population-based survey with secondary students in North Wales
(Chapter 3; Study 1), and obtained responses from 385 secondary students in the 29
participating schools. Our results indicate that students predominantly rely on less effective
learning strategies for independent study and revision (i.e., making notes [summarising],

repeatedly reading information, highlighting [or underlining information]) and do not realise
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some of the strategies they most frequently use are less effective approaches. The findings
here align closely with the outcomes of previous studies which found that secondary students
relied on less optimal learning strategies (Agarwal et al., 2014; Dirkx et al., 2019), and
suggest that students would benefit from receiving information about training in using more
effective learning strategies such as retrieval and spaced practice to help equip students with
independent learning skills. Importantly, this information helped us to understand that there is
a need to develop further guidance to improve students’ independent learning skills to enable
them to make more effective use of their independent study and revision time in preparation
for examination, and this led to the development of the improving standards through effective
revision (iStER) learning resource presented within Chapter 4.

In 2021, we were successful in obtaining a research grant from the Welsh
Government to extend our PhD survey work, to explore secondary school students’ study
practice during the COVID-19 pandemic (Appendix E). In the latter part of Chapter 3 we
discussed the findings and implications of this study (Study 2). In Wales there has been some
research surrounding the influence of the pandemic on the independent learning of students in
secondary and further education settings (i.e., sixth forms, colleges) (Mylona & Heledd,
2021; WISERD, 2020). Research on the impact of the pandemic on students’ learning did not
explore students' independent learning skills, nor strategies for completing independent work
using online and/or offline learning resources during the pandemic. There was also no
published research assessing secondary learners’ confidence in using digital learning
platforms. It was important to close this research gap and collate reliable information on the
independent learning practice of students as well as students’ confidence pre and post
pandemic to inform policy responses to support learners with independent learning and study
skills post-pandemic. Through the use of survey research methods we designed a cross-

sectional survey with students aged 1415 and 16-17 years in mainstream middle and
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secondary schools in Wales. We used a multistage clustered sample design for a sample
selection.

Despite the need for students to work more independently during the periods of
school closures, we found similar results to our previous survey with secondary school
students presented in Study 1 and no improvement in the use of more effective learning
strategies by learners. Our results showed that students reported using both less and more
effective learning strategies whilst learning at home. Our data also suggest that students’ still
do not have an accurate understanding about the effectiveness of some common learning
strategies, suggesting that students’ use and understanding of learning strategies has not
changed significantly since the start of the COVID-19 pandemic. This highlights the need for
schools to continue to improve awareness about effective learning strategies and resources in

Wales.

Strengths, limitations and future directions

In Chapter 3 we outlined some limitations of Study 1 with secondary school students.
These included methodological weaknesses. In survey item three, students were required to
report and rate the three learning strategies they most frequently used for study/revision. As a
result, the total number of students rating each learning strategy was small and the mean
ratings for the students’ perceived effectiveness of the various learning strategies may not be
statistically significant. Also, we do not have information on students’ opinions of other study
strategies that they might use less frequently. Despite these limitations, this is the first study
to report on secondary students’ study and revision habits from a representative sample of 14-
15 year old students in mainstream schools in the UK. As our responses included a stratified,
random sample of learners from different ability groups, the results are less likely to be
biased towards over- or under-reporting due to students who were more- or less interested in

study and/or revision. Our findings are also less likely to be distorted due to chance under-
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representation of student groups. Also, our findings are based on a more representative
methodology and are, therefore, likely to generalise more broadly to students in other regions
of the UK where students follow very similar science qualifications in comparable school
settings.

One of the main limitations of the second study with secondary students was the low
response rate (Appendix E). Whilst a higher response rate would have enhanced our findings,
we were constrained by the limitations of school exam periods and school’ capacity to
engage. As a result we were unable to extend the survey timescale to allow us to gather
additional responses. Despite this limitation, the Study 2 is the first study to report on the
influence of the pandemic on secondary students’ independent learning practice.

Although the second study is based on a small sample of students, we obtained more
information on students’ independent learning practice using a modified version of the
ERaSSQ survey with students. The ERaSSQ had been modified following peer review in an
academic journal and to reflect appropriate changes in learners’ education that relate to the
COVID-19 pandemic. We asked students’ to rate the effectiveness of all common learning
strategies to provide an insight into what students understand to be the most- and least-
effective strategies. We now have information on students’ opinions of other study strategies
that they might use less frequently. In addition to investigating ‘what’ learning strategies
students’ were using we also examined ‘why’. We explored where students' knowledge about
learning strategies and resources came from (e.g., parents/carers, schools, peers). We also
obtained information on students’ confidence when using digital learning platforms, and their
confidence towards independent learning skills and activities. Further research should now:
(1) focus on the practical barriers to secondary students’ use of effective learning strategies;

(2) explore whether students’ use of learning strategies predicts their actual learning
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outcomes; and (3) explore students’ study practice using mixed methods designs (quantitative

and qualitative).

Chapter 4

Our survey findings suggest that teachers promote a combination of learning
strategies and students are not making use of the most effective learning strategies for
independent learning. However, students are keen to learn about and use more effective
learning strategies. To help students use more effective learning strategies and improve their
independent learning skills we developed a learning resource to help students apply two
higher utility strategies to improve their learning of science. We also wanted to test the
feasibility of using the programme with learners in school.

Cognitive science is being used increasingly to inform interventions, practice and
policy in education (e.g., Kirschner & Hendrick, 2020). Research suggests that two strategies,
retrieval practice and spaced practice, are more effective in helping learners achieve
educational outcomes (Agarwal et al., 2021; Dunlosky et al., 2013; Karpicke & Roediger,
2006). Although there are learning resources available to help students in the application of
effective learning strategies (e.g., Seneca [https://senecalearning.com/en-GB/], Quizlet
[https://quizlet.com/en-gb]), more support is needed to aid learners in the application and
transfer of effective learning strategies (e.g., Biwer et al., 2020a; Biwer et al., 2020b;
McDaniel & Einstein, 2020; Oakes and Griffin, 2016). Some existing learning programmes
make use of effective learning strategies that are embedded in the software algorithm of the
resource, but these are not explicitly taught to students within the programme interface.
Importantly, the survey findings presented within Chapters 2 and 3 indicate that in addition to
educating students about effective learning strategies, it is important to teach students about

proactive independent learning, the importance of effort (i.e., investing time), as well as the
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relative utility of other commonly used learning strategies. We developed the iStER learning
resource to address these important points.

The iStER learning resource is aimed at secondary school students aged 14-16 years,
and is designed to inform students about evidence-informed learning strategies, and to raise
awareness about, and normalise, independent learning habits (i.e., study/revision). The
programme furthermore provides a system and materials and resource packs to help students
to apply effective learning strategies (i.e., spaced practice and retrieval practice), using
evidence informed approaches (i.e., Leitner system) to organise their independent learning.
The iStER learning resource teaches students about proactive independent learning, effort
(i.e., investing time for independent work), how we learn, the utility of common learning
strategies, and how effective learning strategies help us to learn and remember information
(i.e., provides students with the knowledge about proactive independent work and about
learning strategies). In addition to helping students acquire knowledge about proactive
independent work and learning strategies, to promote the use of effective learning strategies,
we developed iStER resource packs which contain materials and evidence-informed
approaches to help students develop the habit of independent work and practically apply
effective learning strategies for their independent study and revision. iStER provides a system
to help students organise their learning resources and time.

In Chapter 4 we also report an individually randomised feasibility controlled trial of a
lunchtime study/revision programme to learn GCSE chemistry using the iStER learning
resources. There have been very few studies that have used robust experimental designs (i.e.,
randomised experimental designs) to investigate the effectiveness of learning strategies on
students’ learning. In the UK, a study by Feddern et al. (2018) evaluated the effectiveness of

an online learning resource called Seneca Learning (https://senecalearning.com/en-GB/) with

secondary students using a cluster randomised controlled trial. However, the study by
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Feddern et al. (2018) was an effectiveness trial. In contrast, we designed a feasibility
randomised controlled trial of a lunchtime study/revision programme to learn GCSE
chemistry using the iStER learning resource with secondary students. Our trial was designed
to test the feasibility of key aspects such as programme delivery and study design. Our
feasibility trial was at the efficacy level (Owen et al., 2022).

The programme ran for five weeks and was delivered by the research student. In total
34 students were recruited for the trial, and were then randomly allocated to one of three trial
arms; the intervention (n = 11), chemistry study (n = 12) or waiting list control (n = 11)
groups. Our primary objectives in this phase were to test the feasibility (recruitment and
retention rates, completion rates, attendance, adherence to intervention) of undertaking an
experimental study to evaluate the impact of using the iStER programme during lunchtime
study/revision sessions to learn GCSE chemistry. Importantly, answers to our feasibility trial
would inform decisions as to whether the program is ready to be scaled to a larger efficacy
trial to test if it works under controlled conditions with a strong design. Then, if results from
this are positive we would move to effectiveness studies (i.e., to test if it works under less
controlled conditions without researcher support, for example with teachers delivering). We
collected important data to inform a definitive evaluation trial (i.e., recruitment and retention
rates, completion rates, attendance, adherence to intervention). After completing training and
pre-tests, we had to stop the trial earlier than planned in March 2019 due to school closures
caused by the COVID-19 pandemic. Initially we planned to recruit 75 students, however
were able to recruit 34 for the feasibility trial. We were constrained by the limitation of time
and as a result we were unable to extend the recruitment period to allow us to send reminders
to parents and carers to encourage them to participate. These data suggest that a longer

recruitment period would be helpful for a future definitive trial. Parents and carers of
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identified students consented to random student allocation. This is an encouraging finding
given that randomisation is an integral part of RCTs.

Our results showed the overall attendance to the weekly lunchtime study sessions of
the trial among students in the iStER intervention group was 77.78 per cent, suggesting
students were keen to study/revise chemistry independently during their lunch hours and that
there is a demand among secondary students for study/revision learning resources. These are
promising findings for a larger evaluation trial. However, adherence to the proposed level of
intervention intensity (3 sessions per week) was not possible. This was a limitation of the
current study. In school settings, additional activities during lunch hours meant some students
were unable to find time to attend the lunchtime session to use the iStER resource packs. The
data on all individual students in the iStER intervention group who attended the lunchtime
sessions indicated the students were engaging with the iStER resources. Over the course of
the trial the number of cards in students' study file (i.e., green file) decreased with attendance
to the lunchtime sessions, and the number of cards in the review files (i.e., red, yellow)
decreased with attendance to the lunchtime sessions. The feasibility results from this small-
scale efficacy trial are promising findings for a future trial. The next step in this research
would be a strongly designed efficacy randomised controlled trial to assess whether the iIStER

earning resources is effective in controlled conditions.

Implications of the thesis study findings

The findings presented in Chapters 2 and 3 suggested that students would benefit
from receiving training in effective learning strategies. Our surveys also indicated that both
students and teachers were interested in students receiving more information about effective
learning strategies to help students with independent learning. To date, our findings have

been used to develop the iStER learning resource to help secondary students learn science.
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The surveys presented within Chapters 2 and 3 have important policy and practice
implications for both schools, school improvement professionals and also providers of initial
teacher education. For providers of initial teacher education it is important that course
programmes equip early career teachers with the relevant knowledge and understanding
about more effective learning strategies. Our results also suggest that secondary school
teachers would benefit from receiving training about effective learning strategies to help
students study and revise more effectively. Importantly, findings from our survey with
science teachers (Chapter 2) indicate that secondary teachers would welcome more
information and guidance about effective learning strategies, and nearly all the teachers in our
survey (97.1%) reported that they were keen to receive information about effective learning
strategies. In addition, almost half (48. 5%) reported that they did not have access to relevant
information on effective learning strategies.

Importantly there is also a demand for more information on effective learning
strategies among secondary school students. In Study 1 with secondary students presented
within Chapter 3 we found that students want more information about evidence-informed
learning strategies to help them study/revise effectively in preparation for exams. In fact 81.7
per cent reported that they were interested in receiving information about effective strategies
and 96.1 per cent believe students should be provided with information on effective learning
strategies. In the second study with students presented within Chapter 2 we found similar
results to our first study. In Study 2, of the respondents, 71.1 percent reported that they were
interested in receiving information about effective learning strategies and resources to help
them with independent learning. Importantly, 82.5 percent of students reported that they
should be provided with information about effective learning strategies and resources to
support their independent learning in the event of any future school closures and/or online

learning.
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The purpose of our feasibility trial was to test lunchtime sessions for using the iStER
programme as well as test the feasibility of a future trial. Interestingly, our feasibility trial
study also showed that there is a demand for support with study/revision among secondary
students. Our results showed that it was feasible to use the iStER programme with secondary
students and that it is feasible to carry out a future RCT to evaluate its efficacy. The overall
attendance to the weekly lunchtime study sessions of the trial among students in the iStER
intervention group was 77.78 percent, suggesting students were keen to study/revise
chemistry independently during their lunch hours and that there is a demand among
secondary students for study/revision learning resources. Interestingly, the overall attendance
to the lunchtime sessions among students in the chemistry study group was similar (66.67%),
despite the students in the chemistry study group not receiving the iStER learning resource..
These data suggest that students in the chemistry study group that did not receive the iIStER
learning resources were keen to study/revise chemistry independently during their lunch
hours and suggests that there is a demand among secondary students for study/revision
learning resources. These are promising findings for a larger evaluation trial and suggest it is
feasible to recruit to both an intervention and control arm. Importantly, our trial has further
shown that there is a demand for evidence-informed study/revision learning resources to

support independent learning among both schools and students.

Dissemination and next steps
The most important next step for our work is the need for a strongly designed efficacy

trial using our feasibility trial findings (Chapter 4).

The findings for our thesis studies within Chapters 2, 3 and 4 have been shared with
our project partner in the Regional School Improvement Service for North Wales (GWE).
Recently, the study findings were presented at a Welsh Government seminar on learner
effectiveness (Talk Pedagogy). In 2021, we were successful in obtaining funding from the
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Welsh Government to conduct a study on the influence of the pandemic on the progress of
students (Appendix E). The findings from Welsh Government’s Collaborative Evidence
Network research project have been written up as a report for the Welsh Government. In
2021, we were also successful in obtaining a research grant from Reaching Wider North and
Mid Wales Partnership to evaluate the implementation of the iStER learning resource with

schools in disadvantaged regions in North Wales.

Despite Supporting the use of evidence within education, there remains a paucity of
accessible guidance surrounding sample size-calculation and survey designs for designing
school based-surveys. There are many useful guides and textbooks written on survey research
methods for clinical research, and sampling and sample size calculations for survey research
which we adapted for our school-based surveys (for sample size calculation see Fox, Hunn &
Mathers, 2007; De Vaus, 2014; Fowler, 2014; Pazzaglia, Stafford & Rodriques, 2016). The
use of robust survey design is rare within education. Our surveys with students and teachers
presented within Chapter 2 and 3 highlighted that much of the earlier survey research in
education used non-probability sampling methods. Our survey work highlighted the need to
employ more robust survey designs in school settings and more broadly in education research
to help us obtain more generalisable findings and thereby, improve the quality of evidence we
use for decision-making. The survey design we employed for our surveys with teachers and
students presented within Chapters 2 and 3, provided a model for our own survey research
which investigated the influence of the pandemic on the independent learning practice of
students in Wales (Appendix E). Our survey designs may provide a model for other
researchers, teachers, schools interested in conducting robust surveys in educational settings.
We suggest that more accessible guidance surrounding survey research methods in education
is developed to promote the use of more robust surveys to generate high quality research

evidence.
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Recommendations of thesis study findings

In this section the recommendation for the thesis studies contained in Chapters 2, 3 and 4 are
given.

Recommendations for school leaders and practitioners

Our survey data presented within Chapter 3 suggest that schools and practitioners
should define and establish what independent study and revision is. Educators should more
clearly communicate the importance of independent learning skills to students, and students
would benefit from receiving information about training in using more effective learning
strategies such as retrieval and spaced practice for independent study.

Educators should assess students’ knowledge of independent learning skills to help
them plan improvement actions.

Recommendations for middle Tier organisations (i.e., Local Authorities, ESTYN,
School Improvement Consortia) and policy makers

Tier two organisations should evaluate and improve the provision of independent
learning strategies in schools. They should ensure initial teacher education programmes
emphasise the importance of supporting learners to develop effective independent learning
and study skills. Also, providers of initial teacher education programmes should equip early
career teachers with the relevant knowledge and understanding about more effective learning
strategies.

Tier two organisations should commission ongoing research into both trainee and
more experienced teachers recommendations and understanding of evidence-informed

learning strategies.

Conclusions
The aim of the current thesis studies was to evaluate the use of evidence-informed
learning strategies to help secondary students learn science and improve their independent

learning skills. Chapters 2 and 3 describe surveys in Wales schools aimed at assessing the
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range of learning strategies promoted by school teachers and employed by students, as well
as both teachers’ and students' understanding of learning strategies. The evidence we
gathered from our survey studies in Chapters 2 and 3 informed the next steps in this series of
research studies, namely the development of a resource for secondary students to help them
use more evidence-informed learning strategies (i.e., a learning resource using retrieval and
spaced practice strategies).

Our first survey study conducted in Chapter 3 was the first to employ a robust
sampling methodology aimed at gaining a more accurate understanding of students’ use of
study strategies. It was also the first study to provide a detailed insight into the use of learning
strategies by secondary students in the UK. One of the key outcomes from the survey studies
presented within Chapters 2 and 3 is that teachers promote a combination of high and low
utility strategies and students are not making use of the most effective learning strategies for
independent learning. Our survey findings from Chapters 2 and 3 further indicate that a
barrier to teachers’ recommendations and students’ uptake of effective learning strategies is
due to a lack of understanding about the effectiveness of learning strategies. Importantly, our
findings from all the empirical studies showed there is demand for more information and
guidance about effective learning strategies (Chapters 2, 3 and 4).

To help students use more effective learning strategies and improve their independent
learning skills we developed the iStER learning resource, and tested the feasibility of
lunchtime study/revision to learn GCSE chemistry using the programme. This was a small-
scale feasibility trial involving secondary school students. The trial findings were
encouraging, and the feasibility results from this small-scale efficacy study support the
possibility of a larger evaluation trial. However, in a future, definitive RCT of the iStER

intervention, the feasibility of individual randomisation is important to consider.
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An unexpected outcome derived from our survey work in Chapters 2 and 3 was that
there was a distinct lack of research using robust survey methods in education. We
recommend that future surveys in school settings whether these are research driven or teacher
based enquiry research should adopt more robust survey designs. Our surveys presented
within Chapter 3 may provide a model for future survey work in school settings. We suggest
more accessible guidance surrounding sample size-calculation and survey designs is

developed by researchers for designing school based-surveys.
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Appendix A: Effective Revision and Study Strategies Questionnaire (ERaSSQ)
(Chapters 1 and 3)

1. How often do you use the following learning strategies when you study/revise for
science? Please tick the box that best describes your answer. The leamning strategies are in
no particular order.

Most of the

Never Rarely Sometimes . Always
time

Using mind maps (W] (] O O O

Highlighting or
underlining O (] O O (]
information/text

Using flashcards O O O O O

Reading
information/notes O ] O 0O O
over and over

Making notes
(summarising)

Spaced practice
(spreading
study/revision
sessions over time)

Doing practice tests
(e.g. past papers)

Interleaved practice
(mixing different
science subjects or O O O O O
science topics while
studying/revising)
Elaborate encoding
(connecting what you
are trying to learn to
what you already
know e.g.
remembering the
colours on the visible
spectrum by learing
the following
sentence; Richard Of
York Gave Battle in
Vain [Red, Orange,
Yellow, Green, Blue,
Indigo, Violet])
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2. Ifyou use a different learning strategy(ies) to study/revise for science, that is not
mentioned above, please write this strategy(ies) in the space below.

List of learning strategies (please use this for question 3 below)

« Using mind maps

« Highlighting or underlining information/text

« Using flashcards

« Reading information/notes over and over

+ Making notes (summarising)

« Spaced practice (spreading study/revision sessions over time)

« Doing practice tests (e.g. past papers)

« Interleaved practice (mixing different science subjects or science topics while
studying/revising)

« Elaborate encoding (connecting what you are trying to leam to what you already know e.g.
remembering the colours on the visible spectrum by learning the following sentence;
Richard Of York Gave Battle in Vain [Red, Orange, Yellow, Green, Blue, Indigo, Violet])

3. There are two parts to this question. For the first part, using the list of learning strategies
above, please write down on the dotted line below, the THREE learning strategies
that YOU most frequently use when you study/revise for science. For the second part, please
tick the boxes to show how well YOU think the THREE strategies that YOU have written down
help you learn when you study/revise for science.

Notatall Slightly Moderately Very Extremely
helpful helpful helpful helpful helpful

) TSSOSO O O O O o
2 e () (W) O O (|
K ) OSSR o o O 0 (|
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4. Have any of your current science teachers encouraged you to use any of the following
learning strategies when you study/revise for science? Please tick the box.

Yes No
Using mind maps 0 (@)
Highlighting or underlining information/text 0 o
Using flashcards 0 o
Reading information/notes over and over O o
Making notes (summarising) O (]
Spaced practice (spreading study/revision sessions over time) (] (]
Doing practice tests (e.g. past papers) (W] 0
Interleaved practice (mixing different science subjects or 0 o

science topics while studying/revising)

Elaborate encoding (connecting what you are trying to learn to

what you already know e.g. remembering the colours on the

visible spectrum by learning the following sentence; Richard Of O O
York Gave Battle in Vain [Red, Orange, Yellow, Green, Blue,

Indigo, Violet])

5. If your science teachers have encouraged you to use a different learning strategy(ies) to
study/revise for science that is not mentioned above, please write this strategy(ies) in the
space below.
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6. Which of the following learning strategies do you use to study/revise for the three science
subjects listed below. Please tick the boxes that apply.

Biology Chemistry Physics

Using mind maps (] (] (|
Highlighting or underlining information/text (] O o
Using flashcards (] O o
Reading information/notes over and over (] (] (W)
Making notes (summarising) (W] (W] o
Spaced practice (spreading study/revision O O 0
sessions over time)

Doing practice tests (e.g. past papers) (] (] 0
Interleaved practice (mixing different science

subjects or science topics while 0 0 (0]

studying/revising)

Elaborate encoding (connecting what you are

trying to learn to what you already know e.g.

remembering the colours on the visible spectrum 0 O O
by learning the following sentence; Richard Of

York Gave Battle in Vain [Red, Orange, Yellow,

Green, Blue, Indigo, Violet])

7. In a typical week how many minutes/hours of study do you do for science outside of
lessons? Please tick the box.

O Less than 1 hours study a week
O 1 -2 hours study a week
O 2- 3 hours study a week
O 3 - 4 hours study a week
O 4 -5 hours study a week
O 5 -6 hours study a week
O 6 -7 hours study a week

O More than 7 hours study a week
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8. In the weeks leading up to a science test how many minutes/hours do you revise in
preparation outside of lessons? Please tick the box.

O Less than 1 hour's revision a week
O 1 -2 hours revision a week
O 2 - 3 hours revision a week
O 3 - 4 hours revision a week
O 4 - 5 hours revision a week
O 5 - 6 hours revision a week

O 6 -7 hours revision a week

O More than 7 hours revision a week

9. Imagine that you are planning to study/revise for an upcoming science test. Please tick
the option that best describes your answer, for why you might do practice tests (e.g. past
papers) to study/revise in preparation for the test. Please only tick ONE answer.

O Doing practice tests when | study/revise will help me to know how well | have learnt the
information for the science test.

O Doing practice tests when | study/revise will help me to learn and remember the
information for the science test.

O 1 do not think doing practice tests when | study/revise will help me learn and remember
the information for the science test.

10. Imagine that you are planning to study/revise for an upcoming science test. Please tick
the option that best describes your answer, for why you might space (spread) out your
study/revision sessions in preparation for the test. Please only tick ONE answer.

O Spacing out my study/revision sessions over multiple days/weeks will help me to leam
more information for the science test.

O Spacing out my study/revision sessions over multiple days/weeks will help me to leamn
and remember the information for the science test.

O 1 do not think spacing out my study/revision sessions over multiple days/weeks will help
me learn and remember the information for the science test.
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11. Imagine that you are planning to study/revise for an upcoming science test. Please tick
the option that best describes your answer, for why you might use flashcards when you
study/revise in preparation for the test. Please only tick ONE answer.

O Using flashcards when | study/revise will help me to learn because it allows me to read
the information over and over.

O Using flashcards when | study/revise will help me to learn because it allows me to
practise bringing the answer to my mind.

O Using flashcards when | study/revise will help me to learn because it helps break up the
information into smaller amounts to practise.

O | do not think using flashcards when | study/revise will help me learn the information for
the science test.

12. Imagine that you are planning to study/revise for an upcoming science test. Please tick
the option that best describes your answer, for why you might use mind maps when you
study/revise in preparation for the test. Please only tick ONE answer.

O Using mind maps when | study/revise will help me to learn because it allows me to read
the information over and over.

O Using mind maps when | study/revise will help me to learn because it allows me to
practise bringing the information to my mind.

O Using mind maps when | study/revise will help me to identify the main topic and link this
to related topics, with words that make sense to me.

O 1 do not think using mind maps when | study/revise will help me leamn the information for
the science test.

13. s there anything else that you would like to mention about the learning strategy(ies) you
use to study/revise for science? Please write in the space below.
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Page 2: Section 2

14. Please only answer this question if you are a pupil in Year 10. Does your school offer all
pupils in Year 10 study/revision skills support to help you study/revise for science? Please tick
the box.

Q Yes
QO No
Q |don't know

15. Do you think that you should be provided with information about effective learning
strategies to help you study/revise for science? Please tick the box.

O Yes
O No

16. Would you be interested in receiving information about evidence-based learning
strategies that will help you to study/revise effectively for science? Please tick the box.

O Yes
O No

191



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

Page 3: Section 3: Demographics

17.  Which school do you go to? Please write down the name of the school in the space
below.

[—

18. What is your gender? Please tick the box.

O Male

O Female

O Other

O Prefer not to say
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Appendix B. Sample Size Calculation for Regional Survey with Students
(Chapter 1)

To calculate the sample size for our survey with secondary students we used the following
formula from the Sampling and Sample Size Calculation guide produced by the National

Institute for Health Research Research Design Service (Fox, Hunn & Mathers, 2007).

7% P

2
5 Z° % P
e+ (25

n =

The formula is based on four parameters. These are: (1) the level of confidence we require
concerning the true value of a proportion (or mean); (2) the degree of precision which we are

willing to accept; (3) the estimated percentage; and (4) the target population size.

N is the target population size

z represents the z-score that is the desired confidence level (the degree of precision which we

are willing to accept)

e is the margin of error (percentage in decimal form) (the confidence interval we are willing

to accept)

P is the estimated percentage in decimal form (the proportion of school students that we

expect to find using effective/less effective learning strategies)

We specified the following for our survey with school students. Below we present the sample

size formula and specify the values for our survey with school students.

P = 0.25. Previous studies on students learning strategy used and well as our pilot survey

used non-probability sampling techniques (i.e., convenience), therefore we could not estimate
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the likely proportion using those findings. Instead, we followed guidelines and assumed that

the proportion is likely to be 50%, as this would allow for the largest possible sample size.
z=1.96
e=0.03

N = 6,900 we had:

1.96% x 0.25

1.962 x [}.25)
6,900

= 924 (rounded upwards)

=
0.032 + (

Using these values, we calculated a sample size of 924 school students aged between 14 and

15 years.

Additional parameters to consider when calculating the sample size include the likely
response rate and any clustering effect. The sampling plan we designed involved inviting all
schools, therefore it was not necessary to calculate a response rate. Moreover, as we invited
all fifty-four secondary schools in the North Wales region contrary to selecting a sample of
schools, this removed any clustering effects at the school levels. Furthermore, our survey
design involved sampling students from different science ability groups/classes, contrary to

sampling entire classes of students, which removed any clustering at the student level.

194



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING

LEARNING IN SCIENCE

Appendix C. Logistic Regression Analysis Model Output (Chapter 3)

Table C. 1 Estimated response probability values for participating and non-participating

secondary schools

School Participation in survey Value %
1 Responding 0.72759189 72.7
2 Responding 0.65277217 65.2
3 Responding 0.3642495 36.4
4 Responding 0.7602036 76
5 Responding 0.84309707 84.3
6 Responding 0.42637519 42.6
7 Responding 0.47931596 47.9
8 Responding 0.75307349 75.3
9 Responding 0.5310775 53.1
10 Responding 0.70797791 70.7
11 Responding 0.65135538 65.1
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School Participation in survey Value %
12 Responding 0.61724712 61.7
13 Responding 0.70259986 70.2
14 Responding 0.85185089 85.1
15 Responding 0.48992396 48.9
16 Responding 0.56952291 56.9
17 Responding 0.54139134 54.1
18 Responding 0.61857378 61.8
19 Responding 1.105661404 90.4
20 Responding 3.345490287 29.8
21 Responding 3.706861813 26.9
22 Responding 1.448201091 69
23 Responding 1.507444954 66.3
24 Responding 1.318875712 75.8
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School Participation in survey Value %
25 Responding 2.276885642 43.9
26 Responding 1.597278799 62.6
27 Responding 1.102764154 90.6
28 Responding 1.626240734 61.4
29 Responding 1.743823777 57.3
30 Non-responding 0.33580105 335
31 Non-responding 0.79934106 79.9
32 Non-responding 0.79948971 79.9
33 Non-responding 0.685584411 68.5
34 Non-responding 0.5539197 55.3
35 Non-responding 0.46898431 46.8
36 Non-responding 0.39665792 39.6
37 Non-responding 0.41371147 41.3
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School Participation in survey Value %
38 Non-responding 0.59187677 59.1
39 Non-responding 0.37902727 37.9
40 Non-responding 0.47580188 47.5
41 Non-responding 0.19048599 19
42 Non-responding 0.52871052 52.8
43 Non-responding 0.19160134 19.1
44 Non-responding 0.56285587 56.2
45 Non-responding 0.0102443 1.02
46 Non-responding 0.42745028 42.7
47 Non-responding 0.09527013 9.5
48 Non-responding 0.59617691 59.6
49 Non-responding 0.41784843 41.7
50 Non-responding 0.46108937 46.1

198



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

School Participation in survey Value %
51 Non-responding 0.63695908 63.6
52 Non-responding 0.05520233 55
53 Non-responding 0.10503136 10.5
54 Non-responding 0.78675497 78.6
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Appendix D. Frequency Outcomes for Survey Item One (Chapter 3)

Table D. 1 Weighted percentage scores for student responses to the survey question, “How often do you use the following learning strategies
when you study/revise for science?” (Survey Item 1)

Learning strategy Never Rarely Sometimes Most of the time Always
% [CI] % [CI] % [CI] % [CI] % [CI]
Using mind maps 12.919.0, 18.1] 23.1[19.3,27.4] 39.8[34.7,45.2] 18.8 [14.3, 24.3] 5.3[3.2,8.7]

Highlighting or underlining
information

Using flashcards

Repeatedly reading information

Making notes (summarising)

5.7[3.7, 8.7]

21.6 [16.3, 28.0]

5.1[3.6, 7.3]

3.9[1.9, 7.9]

11.9[8.7, 15.9]

26.8 [22.0, 32.2]

12.0[8.5, 16.7]

8.4[6.1,11.3]

200

24.8 [20.7, 29.4]

24.6 [20.7, 29.0]

17.1[13.5, 21.4]

19.4 [15.4, 24.2]

39.1[33.3, 45.2]

15.2 [11.6, 19.7]

33.9[28.3, 40.1]

37.9[32.2, 43.9]

18.5 [13.8, 24.5]

11.9[8.0, 17.3]

31.8 [26.5, 37.7]

30.4 [25.4, 35.9]
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Learning strategy Never

Rarely

Sometimes

Most of the time

Always

% [CI]

% [CI]

% [CI]

% [CI]

% [CI]

Spaced practice 12.1[8.7, 16.4]

Doing practice tests? 7.91[5.3,11.7]
Interleaved practice

40.6 [35.9, 45.5]

Elaborate encoding 31.8[25.9, 38.3]

21.1[17.6, 25.1]

20.9 [16.0, 26.8]

30.3 [25.7, 35.3]

25.7 [20.4, 31.8]

29.7 [25.2, 34.6]

31.0 [26.1, 36.4]

21.6 [17.1, 27.0]

28.5 [24.0, 33.4]

22.4[18.5, 26.7]

22.7 [17.3, 29.0]

5.6 [3.6, 8.6]

10.6 [7.1, 15.6]

14.8[11.3,19.2]

17.5[13.1, 23.0]

1.9 [0.9, 3.9]

3.4[2.0,5.9]

Note. 2In the present study, we used term practice tests to refer to retrieval practice in the ERaSSQ survey.
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Appendix E: Full draft report The Influence of COVID-19 on the Independent
Study Habits of Learners (Chapter 3: Study 2)

Please note: We have been authorised by Welsh Government to include the Collaborative
Evidence Network research study in the current thesis. Here we present the most up to date
version of the report which we have sent to Welsh Government. In line with the guidance
provided by Welsh Government, throughout the report we use ‘learner’ rather than ‘student’
or ‘pupil’. In addition, we have edited the formatting in accordance with Welsh Government
guidelines, including the font style used as well as the layout of the tables and figures.

The Influence of COVID-19 on the Independent Study Habits of Learners
Executive Summary

The purpose of the current research study was to understand and explore the
influence of the pandemic on the independent study practice of learners aged 14-15
and 16-17 years in middle and secondary schools in Wales.

We explored learners’ use and understanding of a variety of learning strategies and
study resources, as well as how learners felt about undertaking independent study
activities and using digital learning platforms. In addition, we explored the sources of
learners' knowledge of learning strategies and study resources and how schools
supported learners with independent study.

We conducted a cross-sectional survey with learners in mainstream middle and
secondary schools in Wales. To measure learners' independent study practice, we
asked learners to complete the Effective Revision and Study Strategies
Questionnaire (ERaSSQ). Our survey of learners provides the following insight about
learners' study practice during the COVID-19 pandemic and at the present time.

Summary of survey findings
Learners’ use of learning strategies and study resources:

1. The study resources that were used most frequently were information/notes in
learners’ class book/folder and information notes uploaded by teacher(s) on
the school's digital learning platform.

2. The online study resources that were used most frequently were the WJEC
website, BBC Bitesize and the Welsh Government’s Hwb platform.

3. The majority of learners used lower utility strategies when using the WJEC
website, BBC Bitesize and the Welsh Government’s Hwb platform for study,
including highlighting and/or underlining information/text, reading
information/notes over and over and making notes and/or summarising
information.

4. A minority of learners used the learning strategies categorised as having
higher utility, such as retrieval and spaced practice techniques, when
accessing the WJEC website, BBC Bitesize and the Welsh Government’s
Hwb platform for study.

5. Overall, learners reported using both less and more effective learning
strategies whilst accessing the frequently used study resources for
independent work. Learners’ choice of strategies has not changed over recent
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years and, importantly, despite the need for learners to work more
independently during the COVID-19 school closures, learners’ use of learning
strategies has not changed since the start of the pandemic.

Learners’ understanding of the effectiveness of learning strategies and study
resources:

1.

The learning strategy that scored most highly as being effective was making
notes and/or summarising information. This strategy was categorised as a
lower utility strategy by Dunlosky et al. (2013).

Retrieval practice, categorised as having higher utility by Dunlosky et al.
(2013) for enhancing learning, was also rated highly. However, when
interpreting these promising results, it is important to consider that around half
(49.3%) of learners reported that they would complete retrieval practice
activities to assess their learning and fewer than a third (29.7%) would use
retrieval practice as a learning strategy.

Our survey findings indicate that despite the need for learners to work more
independently during the COVID-19 school closures, learners’ understanding
of the effectiveness of some common learning strategies has not changed
since the start of the COVID-19 pandemic.

The study resource that was rated most highly as being effective was
information/notes in their class book/folder.

Two additional study resources were also rated highly as being effective,
including using text book/guide and information uploaded by teacher(s) on
school learning platforms.

Online study resources such as Seneca learning and Oak National Academy
were rated as being less effective. (Seneca learning is an online learning
resource developed by researchers and is based on retrieval practice, a more
effective learning strategy.)

The findings indicate that learners were not fully aware of the utility of study
resources such as Seneca learning. One reason could be learners' lack of
experience using external study resources prior to the COVID-19 school
closures, and these findings indicate learners would benefit from receiving
more information about the utility of study resources to help them learn.

Learners' knowledge of the benefits of using retrieval practice, spaced practice,
flashcards and mind maps as learning strategies:

1.

Around half (49.3%) of the learners reported that retrieval practice would help
them to assess their learning by identifying what they know and do not know.
A minority (29.7%) of the learners reported that they would use retrieval
practice as an effective learning strategy. This finding suggests that most
learners were not aware of the advantage of using retrieval practice as a
learning strategy when studying/revising.

. Half (53.3%) of the learners reported that spacing practice would have helped

them to learn and remember information when studying/revising, suggesting
that learners understand that spacing is beneficial for learning.

Half (51.3%) of the learners identified the long-term benefits of distributing
study sessions over time and only a few (16.2%) believed that studying in only
one session was a superior strategy. Our survey findings on spaced practice
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suggest that most learners were aware that spacing is beneficial for learning.
However, when interpreting these promising results, it is important to consider
that we have previously found that only a minority of learners were using
spaced practice whilst accessing the various study resources.

4. Around a third of learners (35.8%) reported that using flashcards would help
them recall information, suggesting that learners were using flashcards in an
effective manner. However, 27.8% of learners reported that using flashcards
would allow them to read information over and over (a less effective learning
approach). This suggests that some learners might not understand the utility
of using flashcards as an effective study tool.

5. Less than a third (31.0%) of the learners reported that using mind maps would
help them link information between topics and help them make sense of
connections. A similar proportion of learners (29.8%) reported that using mind
maps would allow them to reread information over and over, which is a less
effective strategy.

6. Despite the lockdown and the need for learners to complete schoolwork on
their own, learners' independent study practice and knowledge of the utility of
learning strategies has not changed.

Time spent on independent work:

1. Around half (41.4%) of the learners spent more than seven hours a week on
schoolwork.

2. The number of hours learners reported spending on independent study per
week during the school closures varied between none (11.1%) and more than
7 hours per week (11.7%).

Confidence in using digital learning platforms and confidence towards independent
study activities:

1. Our findings show that learners’ confidence with using digital learning
platforms such as Hwb Platform, Microsoft Teams, Google Classroom,
Moodle and Show My Homework has improved over the period following the
first COVID-19 school closures (March 2020 to May 2022).

2. Learners' confidence in using the six digital learning platforms have improved
since March 2020 at different rates for the various platforms.

3. The digital learning platform where learners had gained more confidence to
use over the lockdown was Microsoft Teams.

Learners’ confidence in undertaking independent study activities:

1. Learners rated feeling slightly confident in undertaking most of the study
activities at the start of the COVID-19 school closures. This included
undertaking the following activities: learning schoolwork on my own outside of
school without help from school teacher(s); using online learning resources;
using the internet for finding effective (i.e., helpful) learning resources; using
effective (i.e., evidence-informed) learning strategies; using the internet for
finding effective (i.e., helpful) learning strategies; using offline learning
resources (e.g., textbooks, study/revision guides); studying on my own
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outside of school (i.e., doing work other than homework); revising on my own
in preparation for class tests; and, practising external exams at home.

The study activity learners scored most highly as feeling confident in
undertaking at the start of the school closures was using the internet for
finding effective (i.e., helpful) learning resources and learners rated feeling
somewhat confident in undertaking this activity.

An important study activity where learners had gained more confidence to use
over the lockdown was learning schoolwork on my own outside of school
without help from school teachers (s).

Overall, there was a clear improvement on learners' confidence in undertaking
the listed study activities with respondents giving a higher rating to all the
study activities at the present time of completing the survey compared to at
the start of the COVID-19 school closures.

Source of knowledge on learning strategies and study resources:

1.

Many (83%) of the learners identified their school teacher as the source of
knowledge on learning strategies. Similarly, many (82%) learners identified
their school teacher as the source of knowledge on study resources.

Half (58%) reported that their knowledge of learning strategies were derived
‘online’ and half (53%) identified their friend(s) and/or peers as the source of
their knowledge on learning strategies.

Similarly, half (59%) reported that their knowledge of study resources was
derived online and half (56%) identified their friend(s) and/or peers as the
source of their knowledge on study resources.

A minority (40%) reported that their knowledge of learning strategies were
derived from parents/carers.

Similarly, a minority (35%) reported that their knowledge of study resources
were derived from parents/carers.

Support from schools with home learning and demand among learners:

1.

Learners rated the support received from schools to help them with their
home learning as being moderately helpful, for example using the school’s
digital learning platform as well as using other online platforms such as
Google Classroom, Microsoft teams to access schoolwork and/or to
communicate with your school teacher(s).

. Our findings also show that many (71.1%) learners would welcome more

information about effective learning strategies and study resources.

In addition, many (82.5%) learners reported that they should be provided with
information about effective learning strategies and study resources to support
their independent learning in the event of future emergencies.

Recommendations for Welsh Government

Welsh Government should communicate the importance of independent learning
skills, and provide guidance to improve teachers’ knowledge of higher utility

205



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

independent learning skills that learners can use in secondary and further education
settings.

Welsh Government should ensure that an appropriate repository of study skill
resources is made available for schools and colleges to help learners use more
effective study and revision strategies across a range of subject areas.

Welsh Government should also work with the regional consortia and Estyn to ensure
that schools receive appropriate guidance and best practice case studies to help
embed the use of effective learning strategies in education settings.

Recommendations for middle tier organisations (i.e., Local Authorities,
ESTYN, School Improvement Agencies, Qualifications Wales)

Middle tier organisations should work with Welsh Government and schools to
communicate the importance of independent learning skills by providing guidance to
improve teachers’ knowledge of higher utility independent learning skills to help
learners in secondary and further education settings.

Middle tier organisations should monitor the implementation of independent learning
intervention programmes in school and college settings. Ensure initial teacher
education programmes, and support for newly qualified teachers, includes provision
for understanding the importance of supporting learners to use effective independent
learning skills.

Recommendations for school leaders and practitioners

Schools should work with teaching staff to more clearly exemplify effective
independent study and revision strategies. Schools should also provide learners with
information about how to use some of the more effective learning strategies such as
retrieval and spaced practice and communicate the importance of how these
strategies can be used as part of purposeful independent learning and revision.

Recommendations for future research

Our study did not evaluate parents’ and carers’ understanding of independent
learning skills. Future research should be conducted with parents and carers to
explore how they can promote the use of effective learning strategies at home.
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Introduction

As part of the Welsh Government National Strategy for Educational Research and
Enquiry (NSERE), the Collaborative Evidence Network (CEN) programme of
research was established in 2020 to share evidence on the impact of the COVID-19
pandemic on the Welsh education system. In June 2020, Welsh Government
commissioned higher education institutions in Wales to undertake the first CEN
research studies to understand and explore the influence of the pandemic on the
education system in Wales.

In November 2021, Welsh Government commissioned universities in Wales to
undertake additional CEN studies. The Collaborative Institute for Education
Research, Evidence and Impact (CIEREI), School of Educational Sciences, Bangor
University, was awarded a total of twelve projects to investigate the impact of the
COVID-19 pandemic across the school system and on important learner groups. The
Bangor University CEN programme of research focused on learners, support staff,
school leaders, parents/families/carers, and academic staff across the education
system in Wales.

The purpose of the current study was to understand and explore the influence of the
pandemic on the independent study practice of learners aged 14-15 and 16-17
years in middle and secondary schools in Wales. We asked learners about their
experiences of using a variety of learning strategies and study resources for
independent learning (i.e., to complete schoolwork, study and/or revision) whilst at
home, the time spent on schoolwork and study, and how they felt about independent
learning activities and using digital learning platforms. Importantly, we also evaluated
learners' understanding of learning strategies and study resources, their source of
knowledge of learning strategies and study resources and how schools supported
learners with independent study/remote learning. The aim of this research was to
gather evidence to inform Welsh Government’s Renew and Reform plan and other
post-pandemic education policy.

COVID-19 pandemic

During the pandemic, schools in Wales were required to close for two periods
between March and June 2020 and December 2020 and April 2021. Apart from
vulnerable learners and the children of key workers, all other learners remained at
home and were taught remotely (Welsh Government Policy and Strategy, 2021). The
COVID-19 pandemic presented unparalleled challenges for schools and learners. In
a recent comprehensive review of the literature on young learners during the
pandemic in England (Howard, Khan & Lockyer, 2021), the authors concluded that:
‘...the quantity and quality of teaching and learning declined during the pandemic,
most learners appear to have experienced learning losses, with deprived learners
and schools serving more deprived regions having suffered disproportionately.’

In Wales, research on the impact of the COVID-19 pandemic showed there were
both challenges and opportunities experienced by learners and their families during
the school closures. A key challenge for most learners was learning in the home
environment. Examples of common barriers for home learning included disruptions in
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the home environment such as noise, lack of quiet study space, access to remote
learning resources including appropriate hardware, internet connectivity, and
inadequate parental/carer support with schoolwork (Waters-Davies et al., 2021,
Department for Education, 2022). There were variations in the degree of challenges
experienced by learners. Some learners with higher levels of parental guidance and
support, including greater confidence in undertaking independent learning, made
greater gains and were able to progress more easily despite the COVID-19
circumstances.

In Wales, there has been some research surrounding the influence of the pandemic
on the independent study practice of learners in secondary and further education
settings such as sixth forms and colleges (Mylona & Heledd, 2021; WISERD, 2020).
A survey by Mylona & Heledd (2021) on the effects of the pandemic with learners
aged 16 or older showed that learners reported both positive and negative
experiences of their home learning and their experiences of using online study
resources. A similar survey with secondary school learners found most learners
reported spending between 6 to 10 hours a week completing schoolwork at home
(WISERD, 2020). The most common study resource learners reported using was the
BBC Bitesize website. In contrast the Welsh Government’s Hwb platform and the
Oak National Academy (developed by teachers in response to the pandemic) were
the least used online learning platforms as reported by learners. None of these
previous studies investigated how learners used online study resources to support
their learning. There is no published research describing what learning strategies
learners might have used whilst studying independently during the pandemic, nor is
there any research assessing secondary school learners’ confidence in using digital
learning platforms. The current study aims to close this knowledge gap.

Given the complexity and uniqueness of learning experiences and learning losses
during the COVID-19 pandemic, policy responses to help learners ‘catch-up’ require
a variety of evidence-informed strategies and approaches. This has important
implications for Welsh Government’s Renew and Reform plan, including learning
recovery programmes within schools and colleges. The use of effective learning
strategies for independent learning including independent study and revision plays
an important role in helping learners in secondary schools ‘catch-up’ and prepare for
external examinations.

Research aims

The aim of the current study is to explore the influence of the pandemic on the
independent study practice of school learners aged 14-15 and 16-17 years in
Wales. This information will help us to understand whether there is a need for
schools to develop further guidance to improve learners’ independent study skills to
help them ‘catch-up’ and/or to enable them to make more effective use of their
independent study and revision time in preparation for examinations.

Research questions
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The research questions are arranged on the key aspects identified on learners’
independent study practice, including use and understanding of learning strategies
and study resources, time spent on schoolwork and independent study, confidence
towards independent study activities and use of digital learning platforms as well as
how schools support learners with independent work. The research questions for this
study were as follows:

Which study resources did learners use for independent work during the COVID-19
school closures and afterwards?

Which learning strategies did learners use whilst accessing various study resources
to support their independent work?

What influence did the pandemic have on learners' understanding of the
effectiveness of learning strategies and study resources?

What influence did the pandemic have on learners’ knowledge of the benefits of
some commonly used and more versatile learning strategies?

How much time did learners invest towards schoolwork and independent study?

What influence did the COVID-19 pandemic have on learners' confidence in using
digital learning platforms?

What influence did the COVID-19 pandemic have on learners' confidence towards
independent learning?

Where does learners’ knowledge of learning strategies come from?
How helpful was the support from schools with home learning?

Is there a demand for information about evidence-informed learning strategies and/or
study resources?

Structure of this report

In Section 2 we provide contextual information on the focus of the current report, a
review of the existing literature on the independent study habits of school learners’
pre-pandemic and during the pandemic.

In Section 3 we describe the research methodology used in this study, including the
sampling strategy we used, and the ERaSSQ survey questionnaire completed by
learners, to measure learners' independent study practice.

In Section 4 we present the findings of our survey with learners to provide an insight
into learners’ study practices during the pandemic and at the present time.

In Section 5 we present a discussion of our survey findings with learners and provide
recommendations for policy makers.

In this report we use the term independent study practice and independent work
interchangeably to refer to schoolwork, study and revision learners completed on
their own during the COVID-19 pandemic school closures and afterwards. The
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overarching terms include school work, independent study and revision, except when
the focus is on one of these aspects and not all then we use that term.

Literature Review

Acquiring independent learning skills is an important developmental milestone that
enables students to be more independent lifelong learners. A recommendation
proposed from the findings of the research studies on the impact of the COVID-19
pandemic on the Welsh Education System for 2020 was that the new curriculum
should consider the importance of independent learning (Welsh Government The
National Strategy for Education Research and Enquiry, July 2021). An important
aspect of independent practice includes the learning strategies learners use during
independent study. Research suggests the learning strategies learners use during
independent study are related to the outcomes they achieve (Bartozewski & Gurung,
2015; Gurung, Weidert & Jeske, 2010; Hartwig & Dunlosky, 2011; Rodriquez, Rivas,
Matsumura, Warschauer & Sato, 2018). Learning strategies are the activities
learners undertake for their independent work, in other words, how they go about
learning key content and ideas on their own outside of the classroom (Oakes &
Griffin, 2016).

Research suggests that two strategies, retrieval practice and spaced practice, are
more effective in helping learners achieve educational outcomes (Agarwal, Nunes &
Blunt, 2021; Dunlosky et al., 2013; Karpicke & Roediger, 2006). Dunlosky et al.
(2013) evaluated retrieval practice and spaced practice alongside eight other
commonly used learning strategies (and arranged these into low, medium and higher
utility categories) according to their effectiveness for enhancing learning based on
how effectively the strategies can be used across a range of learning tasks and
situations. Of the ten learning strategies, two strategies were identified as high utility
(retrieval practice and distributed practice [note that we use the term spaced practice
here]), three strategies were identified as having moderate utility (interleaved
practice, elaborative interrogation and self-explanation), and five strategies were
identified as having low utility (summarising, highlighting [or underlining], using
keyword mnemonics, imagery use for text learning and repeatedly reading
information). These findings have important implications for learning and teaching
and for learners' independent study skills.

In this research study we focused on the evaluation of six of the learning strategies
described by Dunlosky et al. (2013) as well as five other commonly used learning
strategies identified in the literature on learners’ study practice. Table E.1 presents
the learning strategies included in this study and a description of the learning
strategies.

Table E. 1 Overview of commonly used learning strategies evaluated in the current
study?
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Learning strategy

Description

Highlighting or underlining information/text

To mark out important content (i.e., key
words, text) of the to be learned material
with a bright/different colour while reading

Reading information/notes over and over

Reading information over and over

Making notes and/or summarising
information

Writing notes/summaries (of various
lengths) of the information to be learned

Spaced practice

Implementing a schedule of study/revision
practice where study time is separated into
multiple sessions overtime. Reviewing
learning materials studied earlier in later
sessions

Retrieval practice

Retrieving information from memory in
absence of the information to be
remembered by using practice tests, past
papers, quizzes, flashcards (or any other
activity which involves actively retrieving
information from memory)

Interleaved practice

Mixing study of different, related topics,
concepts or problems. Implementing a
schedule of study practice that mixes
different kind of skills, subjects or topics
within a single study session

Elaborate encoding

Connecting what you are trying to learn to
what you already know (e.g., using
mnemonics). Making connections between
information to be learned and other
information.

Using mind maps

Writing down a key topic, and from this
creating links composed of keywords,
phrases, concepts, facts and figures. Mind
maps are typically presented as diagrams.

Using flashcards

Writing key terms, facts or to be learned
information on small cards. Flashcards are
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Learning strategy

Description

typically two-sided with the prompt /
guestion appearing on one side and the
information about the prompt / answer on
the other).

Watching videos on the subject topicP

Watching videos related to the subject topic
on

Listening to audio on the subject topic®

Listening to audio related to the subject
topic

Note. 2This study assessed the use of six learning strategies evaluated by Dunlosky
et al. (2013). In the current study, five additional learning strategies identified in the
literature on learners’ study habits were also included (elaborate encoding, using
mind maps, using flashcards, watching video on the subject topic, listening to audio
on the subject topic). ?,These two strategies were identified from our earlier survey
with school learners use of independent study practice (Sultana et al., 2023).

Effective learning strategies

Retrieval practice is a learning strategy based on retrieving information from
memory (i.e., practising recall) in absence of the information to be learnt. The
process of retrieval strengthens the memory for that information, leading to
enhanced long-term learning and improved recall of information (Bjork & Bjork, 2011;
Roediger & Karpicke, 2006). Retrieval practice is also referred to as the ‘testing
effect’. This describes the finding that being tested on information can result in better
recall of the information (Roediger & Karpicke, 2006). Examples of retrieval practice
activities include completing quizzes, class tests, past paper exam questions, using
flashcards, writing notes from memory. The key feature in all retrieval activities is
that information is actively recalled from memory and not passively re-read.

Survey studies with university and secondary learners have shown that learners
were using retrieval practice activities for independent study. However, learners were
using this strategy less frequently compared to suboptimal strategies and not in a
way that facilitates learning (Agarwal et al., 2014; Bartozewski & Gurung, 2015;
Biwer, Egbrink, Aalten & de Bruin, 2020; Blasiman, Dunlosky & Rawson, 2017; Dirkx
et al., 2019; Gurung et al., 2010; Hartwig & Dunlosky, 2011; Karpicke et al., 2009;
Kornell & Bjork, 2007; McAndrew, Kamboj & Pierre, 2015; McAndrew, Morrow,
Atiyeh & Pierre, 2016; Pefia, Knecht & Gavaza, 2021, Piza, 2018; Rodriguez et al.,
2018; Susser & McCabe, 2013; Morehead, Rhodes & DelLozier, 2016). Survey
results revealed that learners primarily use retrieval practice as a diagnostic tool to
evaluate their learning, rather than as a method to actually learn information (Hartwig
& Dunlosky, 2012; Kornell & Bjork, 2007; Kornell & Son, 2009; McAndrew et al.,
2016; McCabe, 2011; Morehead et al., 2016; Piza, 2018; Schmidmaier et al., 2011).
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One of the reasons that learners use retrieval practice as a diagnostic tool might be
because many will be familiar with their experience of completing quizzes, class
tests, to find out how well they have learnt information and teachers using class
tests, past paper questions to find out how well the information has been learnt.

This study aims to assess how learners might have used retrieval practice to
complete independent work during the school closures, and to update our knowledge
on how learners identify this effective learning strategy. Information on learners' use
and understanding of effective learning strategies for study can provide insight and
understanding on how learners use effective learning strategies. In addition, this can
provide valuable evidence to inform Welsh Government advice to schools on the
most effective strategies to help learners catch up. Retrieval practice can also be
used as an effective formative assessment method to help assess learners
independent learning to help improve their study skills.

Spaced practice is a learning strategy which involves implementing a schedule of
study/revision practice where study time is separated into multiple sessions overtime
and reviewing previously learnt information in successive sessions. This can help to
slow down the rate of forgetting newly learned information leading to enhanced
learning. This learning strategy is underpinned by the forgetting curve (Ebbinghaus,
1885/2006), and has been shown to be effective by subsequent research (Bahrick et
al., 1993; Kornell, 2009; Sobel, Cepeda & Kapler, 2011; Kim, Wong-Kee-You,
Wiseheart, & Rosenbaum, 2019). Studies with university and secondary school
learners have shown that although learners are aware of the spacing advantage,
they reported using spaced practice less frequently compared to more suboptimal
learning strategies such as repeated reading (Dirkx et al., 2019; Susser & McCabe,
2013; Sultana et al., 2023). The inconsistency between learners' knowledge and
utilisation of spaced learning may be partly to do with the lack of knowledge about
the learning advantage of spaced practice. Another explanation for this is that it is a
strategy that advises on when rather than how to practise and is therefore less likely
to be viewed as a practical learning strategy in its own right. The current study aims
to assess learners’ use of spaced practice for independent learning during the school
closures as well as learners' awareness of the spacing advantage.

Use and understanding of learning strategies

Previous research on learners’ study practice in university and secondary school
settings has shown that learners predominantly use less optimal learning strategies
such as repeated reading approaches, highlighting [or underlining] information and
summarising information, compared to more effective learning strategies such as
retrieval and spaced practice and have inaccurate and/or incomplete understanding
about the effectiveness of the learning strategies they use (Agarwal et al., 2014,
Bartozewski & Gurung, 2015; Biwer, Egbrink, Aalten & de Bruin, 2020; Blasiman,
Dunlosky & Rawson, 2017; Dirkx et al., 2019; Gurung et al., 2010; Hartwig &
Dunlosky, 2011; Karpicke et al., 2009; Kornell & Bjork, 2007; McAndrew, Kamboj &
Pierre, 2015; McAndrew, Morrow, Atiyeh & Pierre, 2016; Pefia, Knecht & Gavaza,
2021; Piza, 2018; Rodriguez et al., 2018; Schmidmaier et al., 2011; Susser &
McCabe, 2013; Morehead, Rhodes & Delozier, 2016). The current authors
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conducted a similar survey study with learners aged 14-15 years in secondary
schools in North Wales and found similar results (Sultana et al., 2023). The findings
are in line with those of previous studies mentioned above. The findings reflect what
is found in the earlier studies mentioned above on learners’ study habits which
showed that learners rarely make use of effective learning strategies.

Learners typically use learning strategies to study and/or revise in preparation for
assessments and exams. During the school closures caused by the COVID-19
pandemic most learners were completing schoolwork on their own whilst at home.
Given the change in the delivery of schoolwork as well as the increased autonomy
on learners to undertake independent work during the pandemic, it is important to
investigate any change in learners’ independent study habits. Existing studies into
the impact of the pandemic with learners in secondary and further education settings
explored the learning experiences of home learning and using study resources and
there remains an absence of research on learners’ use and understanding of
learning strategies (WISERD, 2020; Mylona & Heledd, 2021). There is no published
research describing what learning strategies young learners might have used to
study whilst studying at home during the pandemic, nor is there any research
evaluating to what extent secondary learners study practice has been influenced by
the pandemic. This research aims to close this gap by gathering evidence on how
learners use learning strategies and the influence of the COVID-19 pandemic. This
will provide valuable evidence for Welsh Government, schools, and school
improvement professionals as they design post-pandemic support.

Other key aspects of independent study

There are other key aspects of independent study practice such as investing effort
including time for independent study and revision, confidence towards using digital
learning platforms and confidence towards independent learning skills, learners
source of information on learning strategies (Oakes & Griffin, 2016). Oakes and
Griffin (2016) proposed one way to encourage high levels of effort is to communicate
how many hours a week learners should consider investing for independent study. A
combination of these aspects is important for independent work. In addition to
investigating what learning strategies and study resources learners use we also
examined ‘why’ learners might rely on lower utility strategies. In the current study we
also examined where learners’ knowledge about learning strategies and resources
came from, the time invested towards independent study and how confident learners
felt about independent study and using digital learning platforms. Over the years the
notion that learners have different learning styles has become widespread within the
education field, however in an important review of the literature on learning styles by
Pashler, McDaniel, Rohrer and Bjork (2008) the authors concluded that there was no
robust scientific evidence to support the learning style theory. More recent research
also showed that there was a lack of evidence to support that learners learn better
when instruction is tailored to their learning styles (Nancekivell, Shah & Gelman,
2019). For this reason, in the current study with school learners, we did not
investigate different learning styles.
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The current study also uses a sampling method that differs significantly from that of
earlier studies. There have been no studies of this nature that have used probability
sampling methodologies to explore the influence of the pandemic on secondary age
learners. The present study used a random sampling method to obtain a
representative sample of learners aged 14-15 and 16-17 years in secondary
schools in Wales.

Methodology
Research design

In this research study we used a cross-sectional survey. This study was conducted
as part of other Bangor University led CEN school research projects where schools
in Wales were sampled and invited to participate. Schools for the current study were
subselected from a larger sample required for other Bangor University CEN projects.
The study population for the current study was school learners in Year group 10 and
Year group 12, and in the other CEN projects the study populations included school
teachers, parents/carers. There was no interest in Year 10 and Year 12 learners in
the other CEN projects, therefore, learners did not receive multiple questionnaires
from different projects.

Sample description

The target population for the current study was defined as learners aged between 14
and 15 years (school Year group 10) and 16 and 17 years (school Year group 12)
studying GCSE and A Level qualifications in mainstream middle and secondary
schools in Wales.

A multistage clustered sample design was used for a sample selection. There were
two stages to the sampling procedure. This sampling approach was taken as
learners are registered in schools and to obtain a sample of school learners we had
to first invite a sample of schools. An advantage of cluster sampling includes lower
cost and lower effort for the same effective sample size, that is the same level of
confidence intervals, compared with a simple random sample (Kish, 1995). The
sample selection followed all the steps for selecting a probability sample in order to
represent a population as described by Kish on survey sampling (Kish, 1995).

At the first stage of the sampling process, secondary schools were selected from a
list ordered by local authority (Blaenau Gwent, Bridgend, Caerphilly, Cardiff,
Carmarthenshire, Ceredigion, Conwy, Denbighshire, Flintshire, Gwynedd, Isle of
Anglesey, Merthyr Tydfil, Monmouthshire, Neath Port Talbot, Newport,
Pembrokeshire, Powys, Rhondda Cynnon Taf, Swansea, Vale of Glamorgan,
Torfaen and Wrexham), and within region by language medium (dual stream,
English medium, English with significant Welsh, Transitional and Welsh medium)
and the percentage of learners in schools eligible for free school meals (eFSM)
(mean percentage scores) for 2019/21. At the second stage, we invited all learners
in Year group 10 and Year group 12 in each of the schools that accepted the survey
invite, to complete the Effective Revision and Study Strategies Questionnaire
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(ERaSSQ). This approach was taken to minimise unnecessary class disruption in
schools. A detailed explanation of the ERaSSQ survey is given in sub section 2.4
below titled survey measure.

Survey procedure

We obtained ethical approval for the study from the School of Educational Sciences
Research Ethics Committee of Bangor University (ethical approval number:
17022022-1628). The invitation to complete the online questionnaire was sent to
headteachers in selected schools in the six regional consortia and partnerships in
Wales in March 2022 (these are GWE, EAS, Mid Wales Partnership, CSC, Neath
Port Talbot, Partneriaeth). Schools were invited to attend information sessions in
March and April 2022 to explain the purpose of the surveys in more detail. Finally, a
follow-up reminder email was sent to schools in May 2022 by the regional consortia
and partnerships and emphasised that the CEN research officers would be
contacting schools with a courtesy follow-up reminder phone call. Between May and
June 2022, a final follow-up phone call was made to the schools to encourage head
teachers to engage with the CEN surveys.

Once a school accepted the CEN project invite, the survey link for the Effective
Revision and Study Strategies Questionnaire was sent to the school headteacher
and/or nominated member of staff to forward on to all learners in Year group 10 and
Year group 12 to complete. The survey was available in both Welsh and English.

Study information was sent to the school headteachers. This informed the school
headteacher about their learners’ participation in the survey. In the first page of the
survey, we provided a written introduction that explained the purpose of the research
study and explained how the survey could be completed. We emphasised that
learners’ answers would be treated confidentially, that there were no ‘right’ or ‘wrong’
answers, and that their responses would not reflect on their current performance in
school or that of their school. The learners were given the opportunity to consider
their participation in the survey, opt-out or provide consent prior to completing the
guestionnaire. The online questionnaire was completed by learners on their own in
school. Completion of the questionnaire required approximately 20 minutes.
Learners were thanked for their assistance and given a written debrief about the
study. Neither learners nor schools were remunerated for their participation in the
survey.

The school invitation letters and reminders were undertaken as part of other Bangor
University CEN school projects where the headteachers of the selected schools
were invited to other CEN projects. Schools for the current study were subselected
from a larger sample required for other Bangor University CEN projects. The study
population for the current study was school learners in Year group 10 and Year
group 12, and in the other CEN projects the study populations included school
teachers, parents/carers. There was no interest in Year 10 and Year 12 learners in
the other CEN projects, therefore, learners did not receive multiple questionnaires
from different projects. We used the same procedure to contact the schools for all
the Bangor University CEN studies and one email invitation letter was sent via the
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regional consortia and partnerships containing an invitation for schools to the CEN
studies, instead of multiple emails being sent on the individual CEN projects. This
meant multiple emails were not sent to the headteachers of the selected schools.
This approach was taken to minimise the number of invitations school headteachers
were sent and thus to help the survey response rate. In total, seven schools
accepted the survey invite. This represents a response rate of 21.86% at the school
level. Of the participating schools, responses from 74 learners were obtained.

Survey measure

We used the ERaSSQ survey to measure learners' study practice for independent
work including, schoolwork, study and/or revision from the start of the COVID-19
pandemic until the study end date (May 2022). The survey was developed using the
Online Surveys programme (https://www.onlinesurveys.ac.uk/). The ERaSSQ survey
was developed by the current authors to answer research questions as part of a PhD
thesis evaluating the use of evidence-informed learning strategies for improving
secondary school learners' independent study practice (Sultana, 2023). To inform
the development of the survey items, key aspects of learners' independent study
practice were identified following a review of the literature (Blasiman et al., 2017,
Dunlosky et al., 2013; Kornell and Bjork, 2007; Oakes & Griffin, 2016). These
included school learners use and understanding of learning strategies, effort towards
independent work, and school-based support with study/revision. There are 18
survey items that use a closed-ended (Likert scale, multiple choice) and open-ended
format. The ERaSSQ survey has previously been used for a regional survey with
385 secondary school learners in North Wales (Sultana et al., 2023). The aim of the
regional survey was a scoping exercise to explore secondary school learners use
and understanding of evidence-informed learning strategies and more broadly their
independent study practice. In addition, the evidence we collated have been used to
develop a learning programme called the Improving Standards through Effective
Revision (iIStER) programme, for improving secondary learners independent study
practice.! The findings from the regional survey has been submitted to the School of
Human and Behavioural Sciences, Bangor University in partial fulfilment for the
degree of Doctor of Philosophy, and is being prepared to submit for publication in an
academic journal.

For the present study, we used a modified version of the ERaSSQ survey with
learners in Year group 10 and Year group 12. The ERaSSQ has been modified
following peer review in an academic journal and to reflect appropriate changes in
learners’ education that relate to the COVID-19 pandemic. The modified version of
the ERaSSQ contains new survey items designed to measure secondary school
learners use and understanding of learning strategies as well as study resources,
effort towards independent schoolwork and study, where learners’ knowledge of

! The findings from the ERaSSQ have been used by the Regional School Effectiveness and Improvement Service
for North Wales (GwWE) to support PhD studentship research to develop a learning programme called the
Improving Standards through Effective Revision (iStER) programme. The findings from the regional survey has
been submitted to the School of Human and Behavioural Sciences, Bangor University in partial fulfilment for
the degree of Doctor of Philosophy, and is being prepared to submit for publication in a journal.
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learning strategies and study resources come from, confidence in using digital
learning platforms and in their independent study skills and how schools supported
learners with independent work. Minor modifications were also made to the wording
of the survey items such as learning strategy terms, response options as well as the
addition of new learning strategies following findings in our previous regional survey
with school learners. The changes that were made to the ERaSSQ survey for the
current study are presented in Table Q.1 (see Appendix Q).

The survey items in the ERaSSQ relate to the current research questions outlined in
the introduction section. The survey items for the modified version of the ERaSSQ in
this study were as follows:

Use and understanding of learning strategies and learning resources. The first
section of the survey asked learners about the learning strategies and study
resources used from the start of the COVID-19 pandemic until May 2022. To
measure the use of study resources, we asked learners to rate how often they used
the twelve common study resources on a 5-point Likert scale from never (1) to
always (5) (see Appendix R). We also gave learners the opportunity to write down
any additional study resources. We then asked learners to indicate whether they
used any of the common learning strategies whilst accessing any of the twelve study
resources listed in the survey question. We also gave learners the opportunity to
indicate if they did not use any of the learning strategies whilst accessing any of the
study resources.

To measure learners’ understanding of the effectiveness of common learning
strategies, we asked learners to rate the eleven learning strategies on how effective
they believed the strategies to be on a 5-point Likert scale from not at all helpful (1)
to extremely helpful (5). We also asked learners to rate how effective they believed
the twelve study resources to be on a 5-point Likert scale from not at all helpful (1) to
extremely helpful (5). The option of ‘| am not sure’ was also included in these
guestions.

To measure knowledge of the benefit of retrieval practice, we asked learners to
choose one option out of multiple alternatives that best indicated how they would
practise to prepare for a forthcoming examination. Using the same question style, we
also measured knowledge of the spacing advantage, using flashcards and using
mind maps to study/revise. To measure awareness of the spacing advantage in a
different way, we asked learners to choose one response option from a choice of
three response options on spacing practice presented to them, the learning strategy
which they think research has found to be effective for learning (informed by Susser
and McCabe, 2013). If learners indicated that studying the material in multiple
sessions of shorter duration is the method that research has found to be effective for
long-term retention, then we would infer learners understand there is an advantage
to spaced study.

Effort towards schoolwork and independent study (i.e., time spent on
schoolwork and independent study). To measure effort towards schoolwork (i.e.,
time spent on schoolwork), we asked learners how many hours of schoolwork they
did whilst at home during the COVID-19 school closure. To measure effort towards
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independent study (i.e., time spent on independent study), we asked learners how
many hours of independent study they did whilst at home during the COVID-19
school closure.

Confidence levels on using digital learning platforms. To measure learners’
confidence in using digital learning platforms at the start of the COVID-19 school
closures, we asked learners to rate how confident they felt using the common digital
learning platforms on a 5-point Likert scale from not confident at all (1) to extremely
confident (5). We also asked learners to rate how confident they now felt about using
the common digital learning platforms on a 5-point Likert scale from not confident at
all (1) to extremely confident (5). Learners could also write down any additional
digital learning platform not listed in the survey question and rate how confident their
initial and current confidence of using the platform they had noted on a 5-point Likert
scale from not confident at all (1) to extremely confident (5). We also gave learners
the option of ‘Our school/We did not use this’ to indicate platforms they had not used.

Confidence levels on independent study skills. To measure learners’ confidence
in their independent study skills at the start of the COVID-19 school closures, we
asked learners to rate how confident they felt about independent study skills and
learning activities on a 5-point Likert scale from not confident at all (1) to extremely
confident (5). We also asked learners to rate how confident they now felt about the
independent study skills and activities on a 5-point Likert scale from not confident at
all (1) to extremely confident (5). These study skills and learning activities were:
learning on their own without help from teacher(s), using online learning resources,
using the internet for finding effective learning resources, using effective learning
strategies, using the internet for finding effective learning strategies, using offline
learning resources, independent study, and independent revision.

Knowledge of learning strategies and study resources. To measure where
learners' knowledge about learning strategies and study resources come from, we
asked learners to select all relevant listed sources. There were seven options
relating to the source of learning strategies and study resources. These were: school
teacher(s), school study/revision tutor, school study/revision support centre,
parents/carers, friend(s)/peers, online, and private tutor(s).

Getting support from schools. To measure support with home learning relating to
the COVID-19 pandemic, including using digital communication and learning
platforms, we asked learners to rate how helpful the support they received from
schools was on a 5-point scale from not at all helpful (1) to extremely helpful (5).

Statistical analysis

We used post-stratification techniques to adjust for survey non-response by
matching the responding dataset to the school population data set for the number of
learners in Year 10 and Year 12. Our analysis therefore reflects the number of
learners population distribution. In addition, any variables that are related to the
number of learners also are corrected for non-response to the extent that they are
related to the number of learners, such that the potential non-response bias related
to the number of learners is eliminated fully after post-stratification. The population
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data on total year group numbers were obtained from the sample frame. We
obtained the contextual school data for 2021/22 from Welsh Government Statistics
for Wales. We could not correct for clustering, due to confidentiality reasons school
names were not collected. This was to ensure learners’ responses could not be
linked back to the schools. Any clustering effect is expected to be low due to the
relatively low response rate within schools. Not taking account of clustering in the
analysis does not effect the point-estimates, which are still unbiased, however,
affects confidence intervals. In such situations the confidence interval is slightly
wider than it should be if clustering is accounted for. The effect would be minor
considering that due to the low nonresponse the size of the clusters was smaller.

We report the percentage scores for the survey results with learners according to the
following categories proposed by Estyn (2022). These are as follows:

Nearly all = with very few exceptions
Most = 90% or more

Many = 70% or more

A majority = over 60%

Half = 50%

Around half = close to 50%

A minority = below 40%

Few = below 20%

Very few = less than 10%

Results

This section presents the results of the ERaSSQ survey with school learners. The
findings are presented below according to the research questions outlined in the
introduction section.

Which study resources did learners use for independent work during the
COVID-19 school closures and afterwards?

We asked learners about the study resources they used for independent work. We
asked learners to indicate how often they used the twelve study resources for
schoolwork, study and/or revision at home since the start of the COVID-19 pandemic
school closures until the present day. Learner ratings of the study resources were
made on a 5-point scale from never (1) to always (5). Table E.2 shows the twelve
study resources and the weighted percentage of learners reporting the various
frequencies per study resource, arranged from most to least often used. The study
resources that scored most highly as being used were those provided by schools
such as information/notes in their class book/folder and information notes uploaded
by teacher(s) on the school's digital learning platform. The online study resources
that scored most highly as being used were the WJEC website, BBC Bitesize and
the Welsh Government’s Hwb Platform (Table E.2).
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Table E. 2 Weighted percentage scores for learner responses to the survey question, “Since the start of the COVID-19 pandemic
until the present day, how often did you use the following learning resources to learn schoolwork, study and/or revise at home?”

Learning resource Always Most of the time Sometimes Rarely Never
% [CI] % [CI] % [CI] % [CI] % [CI]
Information/notes in class 34.5 35.2 16.6 7.4 6.2
book/folder [24.1, 46.6] [25.0, 47.1] [9.5, 27.5] [3.3, 15.9] [2.5, 14.3]
Information/notes uploaded 315 37.0 17.9 8.7
by teacher(s) on school’s 5.0
[1.8, 12.8]
15.7 22.8 24.1 16.5 20.9
WJEC website
[8.5, 27.3] [14.2, 34.4] [15.4, 35.5] [9.4, 27.3] [13.0, 2.0]
7.4 19.8 38.8 21.0 13.0
BBC Bitesize
[3.3, 15.9] [12.0, 30.7] [28.0, 50.9] [12.8, 32.4] [7.0, 22.9]
16.5 22.8 15.2 15.8 29.8
Hwb Platform
[9.4, 27.3] [14.2, 34.4] [8.4, 25.9] [8.8, 26.8] [20.1, 41.6]
18.7 23.1 9.4 13.1 35.7
Text book/guide
[10.7, 30.4] [14.6, 34.6] [4.4, 18.8] [7.1, 23.2] [25.3, 47.6]

221




EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING LEARNING IN SCIENCE

Learning resource Always Most of the time Sometimes Rarely Never
% [CI] % [CI] % [CI] % [CI] % [CI]
3.8 4.4 25.0 27.5 39.3
Quizlet
[1.2,11.3] [1.3,13.2] [16.3, 36.5] [18.2, 39.3] [28.4, 51.4]
3.1 2.5 5.6 8.1 80.6
AQA website
[0.7,12.2] [0.6, 9.8] [2.0, 14.5] [3.6, 17.4] [69.4, 88.4]
1.3 2.5 5.0 6.3 84.9
Tanio.Cymru
[0.2, 8.8] [0.6, 9.8] [1.8,12.9] [2.6, 14.5] [74.9, 91.4]
1.9 6.8 5.0 86.3
Khan Academy
[0.2,12.5] [2.5,17.2] [1.8,12.9] [75.3, 92.9]
1.3 6.3 92.5
Seneca Learning
[0.2, 8.8] [2.6, 14.5] [83.9, 96.7]
1.3 3.8 95.0
Oak National Academy
[0.2, 8.8] [1.2,11.3] [87.1, 98.2]

Note. Learning resources are ordered by frequency of use, from most to least often used.
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Which learning strategies did learners use whilst accessing various study
resources to support their independent work?

Next, we asked learners about which learning strategies they were using to support
their learning whilst accessing different study resources for independent work. This
included six of the learning strategies categorised by Dunlosky et al. (2013) into
three groups based on whether they considered them having high, medium or low
utility for their effectiveness in enhancing learning. The effectiveness ratings were
assigned depending on the strength of the underlying evidence to support their
evidence in research. The learning strategies categorised as ‘high’ utility were
spaced practice and retrieval practice, and the learning strategy categorised as
‘moderate’ utility and included in the current study was interleaved practice. The
learning strategies categorised as ‘low’ utility were highlighting and/or underlining
information, reading information/notes over and over and interleaved practice. Three
additional learning strategies identified in the literature were also included (using
flashcards, using mind maps and elaborate encoding), although we do not include a
utility rating for these three strategies because they were not evaluated by Dunlosky
et al. (2013). These three strategies are commonly used strategies by learner
populations, for this reason, we also explored whether learners were using these
strategies.

Figures E.1 to E.9 show the nine common learning strategies and study resources,
and the percentage of learners who reported using the strategies whilst accessing
the various study resources for independent work. Our survey results above on
learners' use of study resources showed that the most frequently used study
resources were information/notes in their class book/folder and information notes
uploaded by teacher(s) on the school's digital learning platform (Table E.2). Our
survey results on which learning strategies learners were using with these most
frequently used study resources show that a majority of learners were using the
strategies considered to have low support, including highlighting and/or underlining
information/text, reading information/notes over and over and making notes and/or
summarising information (Figures E.2, E.4 and E.5). In contrast, a minority were
using the learning strategies retrieval and spaced practice categorised as having
high support whilst accessing these study resources (Figures E.6 and E.7). Overall,
survey results showed learners reported using both less and more effective learning
strategies for independent work whilst accessing these frequently used learning
resources.

Figure E. 1 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you used and/or made your own mind maps whilst accessing
any of these learning resources for schoolwork, study and/revision at home?”
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Figure E. 2 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you highlighted and/or underlined information/text whilst
accessing any of these learning resources for schoolwork, study and/or revision at
home?”
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Figure E. 3 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
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listed below have you used and/or made your own flashcards whilst accessing
any of these learning resources for schoolwork, study and/or revision at home?”
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Quizlet

WJEC website

Learningresource

Information/notes in my class book/folder
Text book/guide

BBC Bitesize

Information/notes uploaded by teacher(s) on school's digital
learning platforms
| did not use and/or make my own flashcards whilst accessing
any of these learning resources mentioned above
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Percentage of learners

Figure E. 4 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you read information/notes over and over whilst accessing any
of these learning resources for schoolwork, study and/or revision at home?”

QOak National Academy
AQA website

Seneca Learning

Khan Academy
Tanio.Cymru

Quizlet

Hwb Platform

WJEC website

Learning resource

Text book/guide
BBC Bitesize

Information/notes in my class book/folder

Information/notes uploaded by teacher(s) on school's digital
learning platforms
| did not read information/notes over and over whilst
accessing any of these leaming resources mentioned above

0 10 20 30 40 50 60 70
Percentage of learners
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Figure E. 5 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you made notes and/or summarised information whilst
accessing any of these learning resources for schoolwork, study and/or revision at
home?”

AQA website
Seneca Learning
Khan Academy
Tanio.Cymru
Quizlet

Hwb Platform
WJEC website

Text book/guide

Learning resource

BBC Bitesize

Information/notes in my class book/folder
Information/notes uploaded by teacher(s) on school's digital
learning platforms

| did not make notes/summarise information whilst accessing
any of these learning resources mentioned above
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Figure E. 6 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you used spaced practice whilst accessing any of these learning
resources for schoolwork, study and/or revision at home?”
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Hwb Platform
Quizlet

WJEC website

Learningresource

Text book/guide
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Information/notes in my class book/folder

Information/notes uploaded by teacher(s) on school's digital
learning platforms
| did not use spaced practice whilst accessing any of these
learning resources mentioned above
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Figure E. 7 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you used retrieval practice whilst accessing any of these learning
resources for schoolwork, study and/or revision at home?”

AQA website
Seneca Learning
Khan Academy
Tanio.Cymru
Hwb Platform

Quizlet

Learningresource

Text book/guide

BBC Bitesize

Information/notes in my class book/folder

WJEC website
Information/notes uploaded by teacher(s) on school's digital learning
platforms

| did not use retrieval practice whilst accessing any of these learning
resources mentioned above
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Figure E. 8 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 school pandemic until the present day, for any of the learning
resources listed below have you used interleaved practice (i.e., organising your
study time so that you mix different kinds of problems or topics within a single study
session), whilst accessing any of these learning resources for schoolwork, study
and/or revision at home?”
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Figure E. 9 Percentage of learner responses to the survey question, “Since the start
of the COVID-19 pandemic until the present day, for any of the learning resources
listed below have you used elaborate encoding, whilst accessing any of these
learning resources for schoolwork, study and/or revision at home?”
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What influence did the pandemic have on learners’ understanding of the
effectiveness of learning strategies and study resources?
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We asked learners about what they understand to be the most and least effective
learning strategies for independent work. We asked learners to think about the
efficacy of common learning strategies and rank the effectiveness of the strategies
for learning schoolwork, study and/or revision (Table E.3). We asked learners to rate
how effective they thought each strategy was for independent work. Learner ratings
of the effectiveness were made on a 5-point scale, from not at all helpful (1) to
extremely helpful (5), and the option ‘I am not sure’ was also included in this
guestion. Table E.3 shows the eleven learning strategies and the weighted
percentage scores for learners’ ratings of strategy effectiveness, arranged from most
to least helpful.

The learning strategy that scored most highly as being effective was making notes
and/or summarising information, this strategy was categorised as a lower utility
strategy by Dunlosky et al. (2013). Retrieval practice categorised as having higher
utility by Dunlosky et al. (2013) for enhancing learning also scored highly as being
effective. The survey results indicate that learners do not have an accurate
understanding about the effectiveness of some common learning strategies.
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Table E. 3 Weighted percentage scores for learner responses to the survey question, “How effective do you think the following

learning strategies are for schoolwork, study and/or revision?”

and over

. Extremely Moderately Slightly Not at all
a
Learning strategy | am not sure helpful Very helpful helpful helpful helpful
% (SE) % (SE) % (SE) % (SE) % (SE) % (SE)

Making notes and/or
summarising
information 1.3 (1.3) 38.7 (5.9) 24.4 (5.0) 23.7 (5.1) 6.3 (2.7) 5.6 (2.8)
Utility rating: Low
support
Retrieval practice
Utility rating: High 6.9 (3.0) 43.1 (5.9) 15.0 (4.3) 11.2 (3.8) 7.5 (3.0) 16.3 (4.4)
support
Using flashcards 2.5(1.8) 24.6 (5.3) 31.6 (5.7) 20.9 (4.8) 10.2 (3.5) 10.1 (3.7)
Spaced practice
Utility rating: High 10.0 (3.4) 17.5 (4.5) 23.7 (5.1) 20.6 (5.0) 17.5 (4.5) 10.6 (3.6)
support
Watching videos on the
subject topic 5.7 (2.8) 22.8 (5.1) 19.0 (4.7) 26.6 (5.3) 16.5 (4.4) 9.5 (3.5)
Reading
information/notes over 3.8(2.2) 18.2 (4.5) 26.8 (5.5) 22.5(4.9) 18.1 (4.6) 10.6 (3.6)
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Moderate support

Learning strategy? | am not sure E);]téleprpuelly Very helpful M(;lde?g?:lely ilé?;fttlﬁl Nﬁ;gii”
% (SE) % (SE) % (SE) % (SE) % (SE) % (SE)

Utility rating: Low

support

Using mind maps 1.3(1.3) 17.5 (4.5) 26.9 (5.3) 24.3 (5.2) 24.4 (5.1) 5.6 (2.8)

Highlighting or

underlining

information/text 11.8 (4.0) 17.5 (4.5) 39.4 (5.8) 25.6 (5.2) 5.6 (2.8)

Utility rating:

Low support

i‘riztizg‘ji;fti;go on 9.5 (3.5) 10.8 (3.7) 15.8 (4.5) 17.7 (4.6) 24.0 (5.2) 22.2 (5.0)

Elaborate encoding 24.4 (5.1) 10.0 (3.4) 13.7 (4.3) 9.4 (3.4) 21.9 (4.9) 20.6 (4.8)

Interleaved practice

Utility rating: 10.6 (3.6) 7.5 (3.0) 15.7 (4.2) 30.5 (5.6) 16.3 (4.4) 19.4 (4.7)

Note. Learning strategies are arranged from most to least helpful. 2 The six learning strategies categorised by Dunlosky et al. (2013 as high,
moderate and low support we evaluated in the current study are presented alongside the utility rating for their effectiveness in enhancing
learning. Five additional learning strategies identified in the literature and in our previous work were also included (using flashcards, using mind
maps and elaborate encoding, listening to audio on the subject topic, watching videos on the subject topic), although we do not include a utility
rating for these two strategies because these were not evaluated by Dunlosky et al. (2013).
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Next, we asked learners to think about the efficacy of common study resources and
rank the effectiveness of the resources for learning schoolwork, study and/or revision
(Table E.4). We asked learners to rate how effective they thought each study
resource was for independent work. Learner ratings of the effectiveness were made
on a 5-point scale, from not at all helpful (1) to extremely helpful (5), and the option ‘I
am not sure’ was also included in this question. Table E.4 shows the twelve study
resources and the weighted percentage scores for learners’ ratings of the perceived
efficacy of the resources for independent work, arranged from most to least helpful.

The study resource that scored most highly as being effective was information/notes
in their class book/folder. Two additional study resources were also scored highly as
being effective, including text book/guide and information uploaded by teacher(s) on
school learning platforms. Online study resources such as Seneca learning and Oak
National Academy were scored as being less effective by learners. Seneca learning
is an online learning resource developed by researchers and is based on using
effective learning strategies. However, our survey results also showed that learners
were unsure about the effectiveness of these resources.
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Table E. 4 Weighted percentage scores for learner responses to the survey question, “How effective do you think the following

learning resources are for schoolwork, study and/or revision?”

Learning resource | am not sure E);]téfpr?lily Very helpful M?}i?;?jly ilé?;fttlﬁll Nﬁ;g?ﬂ”
% (SE) % (SE) % (SE) % (SE) % (SE) % (SE)

LT;Z;mba;fé‘g'n";/e; i%lggr 5.1 (2.5) 34.6 (5.8) 29.5 (5.5) 19.9 (4.9) 2.6 (1.8) 8.3 (3.3)
Text book/guide 3.9 (2.2) 34.6 (5.8) 26.3 (5.3) 17.3 (4.5) 7.7 (3.4) 10.2 (3.7)
Information uploaded by

teacher(s) on school 9.0 (3.3) 20.4 (5.1) 26.9 (5.5) 25.1 (5.1) 9.0 (3.3) 9.6 (3.5)
learning platform

BBC Bitesize 1.3 (1.3) 28.6 (5.3) 28.5 (5.4) 23.3 (5.3) 3.8(2.2) 14.5 (4.3)
WJEC website 15.4 (4.2) 19.2 (4.9) 23.7 (5.3) 10.9 (3.9) 11.6 (3.7) 19.3 (4.7)
Hwb Platform 15.6 (4.4) 16.3 (4.4) 20.2 (4.8) 23.3 (5.3) 6.5 (2.9) 18.1 (4.8)
Quizlet 10.3 (3.5) 12.9 (3.9) 9.6 (3.5) 26.9 (5.5) 16.1 (4.3) 24.3 (5.4)
Seneca Learning 32.9 (5.8) 9.9 (3.6) 4.0 (2.3) 5.9 (2.9) 9.2 (3.4) 38.1 (6.0)
Tanio.Cymru 40.3 (6.0) 5.8 (2.9) 1.3 (1.3) 5.2 (2.6) 6.5 (2.9) 40.8 (6.1)
AQA website 41.0 (6.0) 3.2 (2.3) 6.5 (3.2) 7.1 (3.1) 42.2 (6.0)
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Learning resource | am not sure E);]téfpr?jly Very helpful M%C;;?Sfly ilé?;fttlﬁll Nrfélg:‘jll”
% (SE) % (SE) % (SE) % (SE) % (SE) % (SE)

Khan Academy 42.3 (6.0) 1.3 (1.3) 5.8 (3.2) 8.4 (3.4) 42.2 (6.0)

Oak National Academy 44.2 (6.0) 1.3 (1.3) 1.9 (1.9) 6.5 (2.9) 46.0 (6.1)

Note. Learning resources are arranged from most to least helpful.
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What influence did the pandemic have on learners’ knowledge of the benefits
of some commonly used and more versatile learning strategies?

We asked learners what they understand about the effectiveness of some common
learning strategies, including retrieval practice, spaced practice, using flashcards and
mind maps. We asked learners to select the primary reason for why they might use
each of these strategies from a choice of responses presented to them. This
information provides an insight into learners’ awareness of the advantage of using
retrieval and spaced practice as effective learning strategies. Moreover, strategies
such as retrieval practice, using mind maps and using flashcards are more versatile
strategies in terms of how they can be used because they can be used in more than
one way. For example, learners might use flashcards as a retrieval practice activity
(an effective learning strategy) or as a repeated reading approach (a less effective
learning strategy). It was therefore important for us to understand how learners were
using these more versatile strategies and whether learners were maximising on their
potential. Moreover, we asked learners about their knowledge of spaced practice
twice, in a different way.

Table E.5 shows learners knowledge of the benefits of retrieval practice, spaced
practice, using flashcards and mind maps as learning strategies and Table E.6
shows learners knowledge of the benefits of spaced practice measured using a
different question style.

Retrieval practice

Around half (49.3%) of the learners reported that retrieval practice would help them
to assess their learning by identifying what they know and do not know (Table E.5).
A minority (29.7%) of the learners reported that they would use retrieval practice as
an effective learning strategy. This finding suggests that most learners were not
aware of the advantage of using retrieval practice as a learning strategy when
studying/revising.

Spaced practice

Half (53.3%) of the learners reported that spacing practice would have helped them
to learn and remember information when studying/revising, suggesting that learners
understand that spacing is beneficial for learning (Table E.5). We measured
knowledge of the spacing advantage in a different way, and findings similarly
showed half (51.3%) of the learners endorsed the long-term benefits of distributing
study sessions. Few (16.2%) believed that studying in only one session was
superior, and a minority (32.4%) believed that both strategies were equally effective
in promoting long-term retention. This finding suggests that most learners were
aware that spacing is beneficial for learning (Table E.6).

Flashcards

Our survey results in Table E.5 showed that most of the learners (35.8%) reported
that using flashcards would help them to practise bringing the answer to their mind,
suggesting that learners were using flashcards in an effective way as a retrieval
practice activity / where learners practise recall of the answer. A minority (27.8%) of
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the learners reported that using flashcards would allow them to read information over
and over, this is a less effective learning approach. This suggests that some learners
might not understand that flashcards are a versatile study tool and can be used as a
retrieval practice activity where learners read a question and then practise recall of
the answer.

Mind maps

We asked learners to select a primary reason for why they might use mind maps to
study/revise information learnt in school. Table E.5 showed that a minority (31.0%) of
the learners reported that using mind maps would help them to identify the main
topic and link this to related topics, with words that make sense to them. A similar
proportion of learners (29.8%) reported that using mind maps would allow them to
read information over and over, which is a less effective strategy.

Table E. 5 Weighted percentage scores for learners’ knowledge of the benefit for
using retrieval practice, spaced practice, flashcards and mind maps.

Learning : 0
strategy Response option % [CI]
Retrieval Using retrieval practice when | study/revise
ractice will help me to know how well | have 49.3 [37.2, 61.6]
P learned the information.
Using retrieval practice when | study/revise
will help me to learn and remember the 29.7 [19.7, 42.2]
information
| do not think using retrieval practice when |
study/revise will help me learn and 20.9[12.6, 32.8]
remember the information.
Spaced Spacing out my study/revision sessions
er;lctice over multiple days/weeks will help me to 22.7[14.1, 34.4]

learn more information.

Spacing out my study/revision sessions
over multiple days/weeks will help me to 53.3 [40.9, 65.4]
learn and remember the information.

I do not think spacing out my study/revision
sessions over multiple days/weeks will help | 24.0 [15.0, 36.2]
me learn and remember the information.

Using flashcards when | study/revise will
Flashcards help me to learn because it allows me to 27.8 [18.3, 39.8]
read the information over and over.
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read the information over and over.

Learning : 0

strategy Response option % [CI]
Using flashcards when | study/revise will
help me to learn because it allows me to 35.8 [24.9, 48.4]
practise bringing the answer to my mind.
Using flashcards when | study/revise will me
to learn because it helps to break up the 22.9[13.8, 35.4]
information into smaller amounts to practise.
I do not think using flashcards when |
study/revise will help me learn the 13.5[7.0, 245
information.
Using mind maps when | study/revise will

Mind maps help me to learn because it allows me to 29.8 [19.9, 42.0]

Using mind maps when | study/revise will
help me to learn because it allows me to
practise bringing the information to my
mind.

23.7 [14.7, 35.7]

Using mind maps when | study/revise will
help me to identify the main topic and link
this to related topics, with words that make
sense to me.

31.0[20.7, 43.7]

| do not think using mind maps when |
study/revise will help me learn the
information.

15.5 [8.4, 27.0]

Table E. 6 Weighted percentage scores for learners’ knowledge of the benefit for
using spaced practice (i.e., the spacing effect).

Learning strategy (response option)

% [CI]

Spaced
practice

Studying the material in multiple sessions of
shorter duration

51.3[39.1, 63.4]

Studying the material in one longer session

16.2 [9.0, 27.5]

Both of the strategies mentioned above are
equally effective

32.4[22.0, 44.9]

Note. We evaluated learners’ awareness of spaced practice using two different
guestions in the present study.

237




EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

How much time did learners invest towards school work and independent
study?

We asked learners about how much time they spent on independent work, including
schoolwork and independent study during the COVID-19 school closures.
Schoolwork included any work learners were given to complete by their school
teachers, and independent study is any work that learners set themselves to do and
importantly does not include any work assigned by school teachers. Table E.7 shows
the weighted percentage of learners reporting the various number of hours of
schoolwork and the number of hours of independent study. Table E.7 shows that
around half (41.4%) of the learners spent more than seven hours a week on
schoolwork. The number of hours learners reported spending on independent study
during the school closures varied between none (11.1%) and more than 7 hours
(11.7%).

Table E. 7 Weighted percentage scores for learner responses to the survey
questions, “During the COVID-19 pandemic when you were learning at home all the
time and did not go to school, how many hours of schoolwork did you do at home?”
and, “During the COVID-19 pandemic when you were learning at home, how many
hours of independent study did you do at home when your school was closed?”

Number of hours a week
Number of hours a week :
spent on independent
spent on schoolwork

study

% (SE) % (SE)
None 2.5(1.7) 11.1 (3.8)
Less than 1 5.0 (2.4) 16.7 (4.3)
lto2 8.6 (3.4) 13.6 (4.1)
2t03 7.4 (3.0) 12.9 (4.1)
3to4 8.0 (3.5) 14.2 (4.1)
4t05 8.7 (3.2) 8.7 (3.2)
5t06 10.5(3.8) 6.8 (3.0)
6to7 8.0 (3.2) 4.3 (2.5)

What influence did the COVID-19 pandemic have on learners’ confidence in
using digital learning platforms?
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We asked learners how they felt about using digital learning platforms, from a list of
digital learning platforms that were provided by schools in Wales in response to the
COVID-19 pandemic. We asked learners to rate how confident they felt about the
various digital learning platforms at the start of the COVID-19 school closures and at
the present time of completing the ERaSSQ the survey (April-May 2022). Learner
ratings of their confidence in using digital learning platforms were made on a 5-point
scale, from not confident at all (1) to extremely confident (5), and the option ‘our
school / we did not use this’ was also included in this question.

Table E.8 shows the six digital learning platforms and the weighted percentage
scores for learners’ ratings of their confidence in using the digital learning platforms
at the start of the COVID-19 school closures and at the present time of completing
the ERaSSQ survey. Our survey results showed that at the start of the COVID-19
school closures when learners started completing schoolwork from home, learners
were less confident with using all the listed digital learning platforms such as Hwb
Platform, Microsoft Teams, Google Classroom, Moodle and Show My Homework
compared with the present time of completing the survey. Learners' confidence with
using the six digital learning platforms increased at different rates for the various
platforms (Table E.8). The digital learning platform learners scored most highly as
feeling confident in using at the present time of completing the survey compared with
the start of the COVID-19 schools closures was Microsoft Teams. There was also an
increase in confidence with using Welsh Government’s digital learning platform Hwb.
However, the learners’ ratings of low confidence with using Hwb Platform did not
decrease very much (same with others?). The digital learning platforms that scored
highly as not being used were Google Classroom and Show my homework.
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Table E. 8 Weighted percentage scores for learner responses to the survey questions, “At the start of the COVID-19 school
closures when you started home learning, how confident did you feel about using the following digital learning platforms” and, “How
confident do you now feel about using the following digital learning platforms?”

Our school /

Learning Not confident Sllg.htly Somgwhat Very confident Extre_mely We did not use
platform at all confident confident confident this

% (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
E"é‘;%gatform 13.7 (4.1) 14.9 (4.4) 20.6 (5.0) 28.8 (5.3) 15.7 (4.2) 6.3 (2.7)
:‘(’)"V?I Platform 10.5 (3.6) 14.8 (4.4) 7.4 (3.0) 22.8 (5.1) 35.8 (5.7) 8.7 (3.2)
Microsoft
Teams 6.2 (3.1) 23.1(5.1) 23.8 (5.0) 20.6 (4.8) 22.5 (4.9) 3.8(2.2)
Before
Microsoft
Teams 3.1(2.2) 8.0 (3.2) 10.5 (3.6) 21.6 (4.9) 55.5 (5.9) 1.2 (1.2)
Now
Google
Classroom 16.3 (4.4) 10.6 (3.6) 6.3 (2.7) 14.9 (4.4) 15.7 (4.2) 36.2 (5.8)
Before
Google
Classroom 15.1 (4.3) 9.4 (3.5) 9.4 (3.5) 13.2 (4.2) 15.8 (4.3) 37.1(5.8)
Now

240




EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING LEARNING IN SCIENCE

Our school /

Learning Not confident Sllg_htly Som(_awhat Very confident Extre_mely We did not use
platform at all confident confident confident this

% (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Moodle
Before 22.5 (4.9) 17.5 (4.7) 17.5 (4.5) 16.9 (4.5) 9.4 (3.4) 16.3 (4.4)
Moodle
Now 21.6 (4.9) 10.5 (3.6) 11.1 (3.8) 14.2 (4.2) 26.6 (5.2) 16.1 (4.3)
Show my
homework 20.0 (4.9) 9.4 (3.4) 10.6 (3.6) 13.1 (4.0) 16.3 (4.4) 30.6 (5.5)
Before
Show my
homework 17.2 (4.6) 5.0 (2.4) 8.7 (3.2) 16.6 (4.5) 22.3(4.9) 30.2 (5.5)
Now
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What influence did the COVID-19 pandemic have on learners’ confidence
towards independent learning?

We asked learners how they felt about undertaking independent study from a list of
different study activities. We asked learners to rate how confident they felt about
each independent learning activity at the start of the COVID-19 school closures and
at the time of completing the survey (April-May 2022). Learner ratings of the study
activities were made on a 5-point scale, from not confident at all (1) to extremely
confident (5). Figure E.10 shows how confident learners felt about undertaking each
independent learning activity at the start of the COVID-19 school closures and at the
present time of completing the survey (higher weighted mean scores indicate
learners rated higher confidence in undertaking the activity). The weighted
percentages of learners reporting the various frequencies for their confidence (in
undertaking) per study activity are presented in Table S.1 (see Appendix S). A clear
improvement on learners' confidence in undertaking the listed study activities
emerged with respondents giving a higher rating to all the study activities at the
present time of completing the survey compared to at the start of the COVID-19
school closures (Figure E.10). Our results showed learners rated feeling slightly
confident in undertaking most of the listed study activities at the start of the COVID-
19 school closures (Figure E.10). The study activity learners scored most highly as
feeling confident in undertaking at the start of the school closures was using the
internet for finding effective (i.e., helpful) learning resources and learners rated
feeling somewhat confident in undertaking this activity. Learners' confidence in
undertaking the independent study activities increased with learners giving a higher
confidence rating to all the study activities at the present time of completing the
survey (Figure E.10). Our results showed learners rated feeling either somewhat or
very confident in undertaking each independent activity.
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Figure E. 10 Weighted mean scores () for learner responses to the survey
questions, “At the start of the COVID-19 school closures, how confident did you feel
about each of the following aspects of learning” and, “How confident do you now feel
about each of the following aspects of learning”?

B Now [ Before

Using effective (i.e., evidence-informed) leaming strategies

Learning schoolwork on my own outside of school without help
from school teacher(s)

Using the internet for finding effective (i.e., helpful) leaming
strategies

Revising on my own in preparation for class tests, external exams
at home

Studying on my own outside of school (i.e., doing work other than
homework)

Study activity

Using offline learning resources (e.g., textbooks, study/revision
guides)

Using online learning resources

Using the internet for finding effective (i.e., helpful) leaming
resources

1 2 3 4 5

Note. Learners’ ratings of how confident they felt about each independent study
activity at the start of the COVID-19 school closures and at the time of completing
the survey was made on a 5-point scale, from not confident at all (1) to extremely
confident (5). Higher scores indicate that the learners rated feeling more confident in
undertaking the study activities.

Where does learners’ knowledge of learning strategies and study resources
come from?

We asked learners where their knowledge of learning strategies and study resources
came from. We asked learners to identify the source(s) of their knowledge on
learning strategies and study resources from a list of relevant sources. Table E.9
shows the percentage of learners reporting the various sources of their knowledge of
strategies and the various sources of their knowledge of resources. Our survey
results in Table E.9 indicate that many learners identified their ‘school teacher’ as the
source of knowledge on learning strategies and study resources. Half reported that
their knowledge of learning strategies and study resources were derived ‘online’
(Table E.9). Similarly, half identified their ‘friend(s)/peers’ as the source of their
knowledge on learning strategies and study resources (Table E.9). A minority
reported that their knowledge of learning strategies and study resources were
derived from ‘parents/carers’.

Table E. 9 Percentage scores for learners’ reporting where does their knowledge of
learning strategies and study resources come from.
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Source Learning strategy Learning resource
% %

School teacher(s) 83 82

Son(:lzgle rﬁzgig )Iearning resources, 58 59

Friend(s)/peers 53 56

Parents/carers 40 35

School study/revision tutor 15 15

Private tutor(s) 8 8

School study/revision support 7 3

centre

How helpful was the support from schools with home learning?

We asked learners about the support provided from schools to help learners with
independent work. We asked learners to rate how helpful was the support provided
from schools with home learning. Learner ratings of the support from schools for
home learning activities were made on a 5-point scale, from not at all helpful (1) to
extremely helpful (5). Figure E.11 shows learners ratings of the helpfulness of the
support provided from schools with home learning (higher weighted mean scores
indicated that the learners rated the support from schools as more helpful). The
weighted percentages of learners reporting the various frequencies for the support
from school per home learning activity are presented in Table S.2 (see Appendix S).
Learners rated the support received from schools with home learning activities such
as using internal and external digital learning platforms as being moderately helpful
(Figure E.11).

Figure E. 11 Weighted mean scores for learner responses to the survey question,
“During the COVID-19 school closures, how helpful was the support you received
from your school for the following aspects of home learning”?
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Using other online platforms such as Google Classroom,
Microsoft teams to access schoolwork and/or communicate with
your school teacher(s

Learningactivity

Using your school’s digital learning platform

1 2 3 4 5

Note. Learners’ ratings of how helpful the support provided from schools with home
learning was made on a 5-point scale, from not at all helpful (1) to extremely helpful
(5). Higher scores indicate that the learners rated the support provided from schools
for the learning activities as more helpful.

Is there a demand for information about evidence-informed learning strategies
and/or study resources?

We asked learners whether there is a need to provide additional information and
support on the use of evidence-informed learning strategies and study resources.
We asked learners whether they should be provided with information on effective
learning strategies and study resources and also whether learners would be
interested in receiving such information. Our survey results showed many learners
(71%) were interested in receiving information about effective learning strategies and
study resources to help them with independent learning (Table E.10). In addition,
many learners (82%) would welcome information about effective learning strategies
and study resources to support their independent learning in the event of future
emergencies (Table E.10).

Table E. 10 Weighted percentage scores for learner responses to the survey
guestions about availability and demand for support with study/revision.

Survey item Response option % SE

Do you think that you should be Yes 82 4.9
provided with information about
effective learning strategies and/or
learning resources to help with No 17 4.9
schoolwork, study/revision in the event
of any future school closures?

Would you be interested in receiving Yes 71 5.6
information about effective (i.e.,
evidence-informed) learning strategies
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Survey item Response option % SE
and/or learning resources that will help No 28 5.6
you to learn schoolwork, study/revise
effectively?

Discussion

In this report we used a multistage clustered sample design to evaluate the impact of
the COVID-19 pandemic on the independent study practice of learners aged 14-15
and 16-17 years in Wales. We explored learners' use and understanding of common
learning strategies and study resources for independent work, study and/or revision
since the start of the school closures caused by the COVID-19 pandemic until the
present day. In addition, we report on the time learners invested towards schoolwork
and independent study, and how confident they were in using digital learning
platforms and independent study activities at the start of the COVID-19 pandemic
and at present. Importantly, we also report on learners' source of knowledge on
learning strategies and study resources, as well as the support learners received
from schools for independent work. In the following section we discuss our findings
on each of these aspects.

Use of study resources and learning strategies

Our results showed that the study resources provided by schools were most
frequently used by learners for independent work whilst at home, including
information/notes in their class book/folder and information notes uploaded by
teacher(s) on the school’s digital learning platform. BBC Bitesize was a frequently
used online study resource by learners and the Oak National Academy (a resource
developed by teachers in England in response to the COVID-19 pandemic) was the
least frequently used online study resource. These findings align with the outcomes
of the WISERD (2020) survey. In the present study we also assessed learners’
understanding of the effectiveness of study resources and found that the newly
developed Oak National Academy resource was ranked among the least effective
study resources by learners. It is important to note that our survey results also
showed that 32.9 per cent of learners reported that they were unsure about the
effectiveness of this resource and this might explain why more learners chose not to
use the Oak National Academy resource.

In the present survey, learners reported more frequently using the Welsh
Government’s Hwb platform. In contrast, the WISERD survey (2020) reported that
63.6 per cent of learners reported that they had not used this national study
resource. A possible explanation for this might be due to the differences in the
timeline between the survey completion dates in the present study and in the
WISERD survey (2020). The current study survey with school learners was
completed between April and May 2022, whereas the WISERD survey with school
learners was completed before the end of the 2019-20 summer term. It may be that
learners were less familiar and/or less confident with using the Hwb platform when
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they first started using digital learning platforms for remote learning. For example,
our survey also found that at the start of the COVID-19 school closures when
learners started completing schoolwork from home, learners were less confident with
using digital learning platforms such as Hwb, Microsoft Teams, Google Classroom,
Moodle and Show My Homework compared with the present time of completing the
survey. There was an increase in confidence with using Welsh Government’s digital
learning platform Hwb at the time of completing the survey in the current study (April-
May 2022).

We also explored which learning strategies learners were using to help them with
independent work whilst accessing the various study resources. Our findings showed
that most learners were using both higher and lower utility strategies to complete
tasks whilst accessing the most commonly used study resources. The lower utility
learning strategies were highlighting and/or underlining information/text, reading
information/notes over and over and making notes and/or summarising information
for accessing information/notes uploaded by teacher(s) on their school's digital
learning platforms, information/notes in their class book/folder and/or whilst using the
BBC Bitesize website. We also found that learners reported using medium to higher
utility strategies such as elaborate encoding, interleaved practice, and spaced
practice (a higher utility strategy), less frequently. These findings align with the
outcomes of previous studies which found that secondary learners mostly relied on
less optimal learning strategies such as making notes, repeatedly reading
information, highlighting and/or underlining information for independent work
compared to more effective learning strategies including retrieval and spaced
practice (Agarwal et al., 2014; Dirkx et al., 2019; Sultana et al., 2023). These findings
suggest that learners’ choice of strategies has not changed over recent years and,
importantly, despite the need for learners to work more independently during the
COVID-19 school closures, their use of learning strategies has not changed since
the start of the pandemic. Our findings highlight the need for schools to continue to
improve awareness about effective learning strategies and study resources.

Understanding of learning strategies and study resources

The present study has shown that learners have limited to moderate understanding
of the effectiveness of commonly used learning strategies. The learning strategy that
scored most highly by learners as being effective was making notes and/or
summarising information (a strategy rated as lower utility by Dunlosky et al. [2013]).
Learners' opinions of the effectiveness of some commonly used learning strategies
indicate that they do not realise that these strategies may not be among the most
effective. This suggests that learners have some mistaken beliefs about the efficacy
of commonly used learning strategies, and this might explain why learners continue
to use these approaches. Importantly, these findings also suggest that despite the
need for learners to work more independently during the COVID-19 school closures,
learners’ understanding of the utility of learning strategies have not changed since
the start of the COVID-19 pandemic.

Retrieval practice, categorised by Dunlosky et al. (2013) as a higher utility approach,
was also rated highly by learners. However, when interpreting these findings it is
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important to consider that our survey also found that about half of learners reported
that they would use retrieval practice as a strategy to help them assess their
learning, or to help them identify what they know and or do not know rather than as
an effective learning strategy. This finding suggests that most learners were not
aware of the advantage of using retrieval practice as a learning strategy for
independent work. This finding aligns with the outcomes of earlier studies which
found that secondary learners predominantly used retrieval activities for diagnostic
purposes (Agarwal et al., 2014; Sultana et al., 2023). It is possible learners might not
be using retrieval practice as a learning strategy due to their experience of
completing retrieval practice activities for summative purposes in school.

Half of the learners reported that spacing practice would have helped them to learn
and remember information when studying and/or revising, suggesting that learners
understand that spacing is beneficial for learning. Further evidence indicating
awareness of the spacing advantage came from our survey question that asked
learners to select a strategy that research has shown to be an effective learning
approach. Similarly, we found half of the learners endorsed the option on the long-
term benefits of spacing study sessions. However, in this study, fewer learners
reported using spaced practice to help them learn whilst accessing various study
resources. Findings from an earlier study with secondary learners in North Wales
indicated that learners were aware of the spacing advantage, although these
learners similarly reported using this strategy less frequently (Sultana et al., 2023).
The inconsistency between learners’ knowledge and utilisation of spaced practice
may be partly because it is a strategy that advises on when to practice instead of
how to practice. Despite the need for learners to work more independently during the
COVID-19 school closures, learners’ understanding of the utility of learning
strategies have not changed since the start of the COVID-19 pandemic.

The study resources learners ranked as effective for independent work were
information/notes in their class book/folder, text book/guide and information
uploaded by teacher(s) on the school's learning platform. Online study resources
such as Seneca learning and Oak National Academy were scored as being less
effective by learners. Seneca learning is an online learning resource developed by
researchers and is underpinned by retrieval practice methodology. Learners’ ratings
of the effectiveness of some learning resources suggests that they might not be fully
aware of their utility. This could be in part due to their lack of experience with using
online study resources prior to the school closures. These findings indicate learners
would benefit from receiving more information about the utility of some study
resources. Previous studies in this field with learners have been limited to exploring
their use of study resources (WISERD, 2020; Mylona & Heledd, 2021). This is the
first study to assess learners' understanding of the effectiveness of study
resources.This study has provided an insight into learners’ understanding of the
utility of commonly used study resources and, importantly, the results highlight the
need for educators to ensure an appropriate repository of resources are created and
made available for schools and colleges.

Confidence levels towards digital learning platforms
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Other factors that may have affected the ability of learners to undertake independent
work include their confidence in using digital learning platforms; confidence in
undertaking independent study activities; and, their ability to source knowledge on
learning strategies and study resources. Findings from a study with 16-19 year old
learners’ experiences at the start of the pandemic indicated that although some
learners were provided with digital devices, there was a lack of guidance from
schools on how to use the hardware, and this was a barrier to learning (Mylona &
Heledd, 2021). Our data on learners’ confidence when using digital learning
platforms at the start of the COVID-19 school closures shows that they were less
confident when using digital learning platforms such as the Hwb platform, Microsoft
Teams, Google Classroom, Moodle and Show My Homework. Our findings also
show learners' confidence levels towards the same digital learning platforms
improved over time, with learners now reporting higher levels of confidence in using
key digital platforms such as Hwb and Microsoft Teams. Importantly, learners now
report feeling more confident in using key digital learning platforms compared to the
start of the COVID-19 pandemic. When interpreting these promising results, it is
important to note that our survey results also showed that the percentage of learners
reporting low confidence in using the Hwb platform did not decrease a lot. Our
results show that learners would benefit from receiving more information and
support/guidance about how to use key digital learning platforms such as Hwb.

Confidence levels towards independent study activities

At the start of the COVID-19 pandemic, learners rated feeling slightly confident in
undertaking most of the study activities, including using effective (evidence-informed)
learning strategies, learning schoolwork on my own outside of school without help
from school teacher(s), studying on my own outside of school (i.e., doing work other
than homework), revising on my own in preparation for class tests/external exams at
home, using the internet for finding effective (i.e., evidence informed) learning
strategies), using offline learning resources (e.g., textbooks, study/revision guides),
and using online learning resources. One reason learners might have experienced
challenges with learning schoolwork on their own could be due to their lack of
information and guidance to help them use more effective independent study and
revision skills. Similarly, a study by Morgan (2020) showed that most university
learners reported that they had not utilised independent study at home prior to
coming to university. After the COVID-19 pandemic, confidence levels increased for
all learning activities and this is likely to have been driven by the need for learners to
work independently during schools’ remote learning provision during lockdown.
Nonetheless, these findings highlight the need for schools to continue to improve
learners’ awareness about independent study and revision sKills.

Efforts towards schoolwork and independent study

Our findings show that around half of the learners spent more than seven hours a
week on schoolwork. In the WISERD (2020) survey most learners reported spending
six to ten hours a week completing schoolwork. In the present study, we also
assessed the duration of independent study learners undertook. In contrast to
schoolwork, which included any work learners were given to complete by their school
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teachers, independent study included any work that learners set themselves and did
not include any work assigned by school teachers. Results show that the number of
hours learners reported spending on independent study during the school closures
varied between zero to more than seven hours per week. Results from an earlier
study with school learners in North Wales showed that 39.6 percent reported
studying on their own for less than one hour in a typical week (Sultana et al., 2023).
In addition to educating learners about more effective study resources and learning
strategies, teachers also need to ensure they also teach learners about the
importance of investing time for independent study and revision. Oakes and Griffin
(2016) proposed one way to encourage high levels of effort is to communicate how
many hours a week learners should consider investing for independent study.

Source of knowledge on learning strategies and learning resources

Many of the learners in this study reported that their knowledge of learning strategies
(83.3%) and learning resources (81.5%) had derived from their school teacher(s). In
this study we did not evaluate what learning strategies and/or resources school
teachers might have used to promote independent learning during the school
closures. Previous studies with university instructors show that university instructors
promote both less- and more-effective learning strategies and have a moderate
understanding about evidence-informed learning strategies (McCabe, 2018; Piza,
2018; Morehead et al., 2016). Results from an earlier study with secondary learners
in North Wales showed that most learners (92.7%) reported that their science
teacher(s) encouraged them to use retrieval practice, an effective learning strategy
(Sultana et al., 2023). However, when interpreting these promising results, it is
important to consider that we have previously found that most learners reported they
would complete retrieval practice as a diagnostic tool to assess their knowledge
rather than as a learning strategy. A survey with science subject leaders on their
understanding and recommendation of learning strategies also showed that they
would recommend retrieval activities to help learners assess their learning rather
than as learning strategy (Sultana, 2023).

Parents/carers are an important source of information and guidance for learners for
independent learning. In the current study, we found that a minority of learners
reported that their knowledge of learning strategies (40%) and study resources
(35%) were derived from ‘parents/carers’. Studies on the impact of the COVID-19
pandemic show that learners benefitting from more parental guidance and support
made more progress despite the COVID-19 school restrictions (Waters-Davies et al.,
2021; Department for Education, 2022). These studies show that there is an
important role for parents/carers to promote independent learning and effective
learning strategies. Further research now needs to focus on how best to
communicate this information to parents/carers.

Support from schools

The findings here show that learners rated the support received from schools for
using their school’s digital learning platform and using other online platforms as
moderately helpful. Learners would welcome more information and support with
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independent work. Our findings also show many (71%) learners reported that they
were interested in receiving information about effective learning strategies and
resources to help them with independent learning. Many (82%) of the learners also
reported that they should be provided with information about effective learning
strategies and resources to support their independent learning in the event of future
emergencies.

Strengths and limitations

We acknowledge some limitations in the current study. There was some non-
response to the survey because not all sampled units, including schools and learners
were observed. To attempt to more appropriately represent learners we made
weighting adjustments to compensate for non-response. To correct for the non-
response we weighted learners’ data to use post-stratification techniques. For post-
stratification our aim was to match the responding dataset to the school population
data set for the number of learners in Year 10 and Year 12. However, the number of
variables to build a non-response model was limited to only one, which was the total
year group numbers. This was the information that we had access to for both
respondents and non-respondents. It would have been helpful to have access to a
wider range of information to enable us to check whether other potential variables
were related to the non-response process, and there remains a possibility of some
uncorrected left-over nonresponse bias in our data. We also anticipated a higher
response rate for the survey and despite several reminders to schools the present
study received a lower response rate than expected. There has been a decrease in
response rates in general population surveys, and this might be a reason for the
lower response rate observed in the current study (Luiten, Hox, Leeuw, 2020).

Recommendations
Recommendations for Welsh Government

Welsh Government should communicate the importance of independent learning
skills, and provide guidance to improve teachers’ knowledge of higher utility
independent learning skills that learners can use in secondary and further education
settings.

Welsh Government should ensure that an appropriate repository of study skill
resources is made available for schools and colleges to help learners use more
effective study and revision strategies across a range of subject areas.

Welsh Government should also work with the regional consortia and Estyn to ensure
that schools receive appropriate guidance and best practice case studies to help
embed the use of effective learning strategies in education settings.

Recommendations for middle tier organisations (i.e., Local Authorities,
ESTYN, School Improvement Agencies, Qualifications Wales)

Middle tier organisations should work with Welsh Government and schools to
communicate the importance of independent learning skills by providing guidance to
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improve teachers’ knowledge of higher utility independent learning skills to help
learners in secondary and further education settings.

Middle tier organisations should monitor the implementation of independent learning
intervention programmes in school and college settings. Ensure initial teacher
education programmes, and support for newly qualified teachers, includes provision
for understanding the importance of supporting learners to use effective independent
learning skills.

Recommendations for school leaders and practitioners

Schools should work with teaching staff to more clearly exemplify effective
independent study and revision strategies. Schools should also provide learners with
information about how to use some of the more effective learning strategies such as
retrieval and spaced practice and communicate the importance of how these
strategies can be used as part of purposeful independent learning and revision.

Recommendations for future research

Our study did not evaluate parents’ and carers’ understanding of independent
learning skills. Future research should be conducted with parents and carers to
explore how they can promote the use of effective learning strategies at home.
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Appendix F: Feasibility trial parent and carer study information letter and sheet
(Chapter 4). Study documents were made available in both English and Welsh.

DATE
Dear Parent/Guardian,
Study title: Improving Standards through Effective Revision project (iStER).

We are writing to inform you about an important research study taking place in
SCHOOL NAME aimed at improving pupils’ learning in science. This work is being
undertaken in collaboration with the Regional School Effectiveness and Improvement Service
for North Wales (GWE). Your child is being invited to take part in this project. This letter
explains why the research is being carried out and what it will involve. Please take time to
read the following information carefully and if you have any questions, please ask us.

We are interested in evaluating the impact of evidence-based learning strategies that
are designed to help secondary school pupils study and revise more effectively in preparation
for their GCSE chemistry examinations.

We have approached your child’s school and explained the purpose of the study and
how it might help pupils prepare for their chemistry examinations. The school is keen to
participate in the Improving Standards through Effective Revision project (iStER).

An overview of the project is contained in the information sheet attached to this letter.
This aspect of the research study involves your child being randomly allocated to one of three
study groups to enable us to compare the impact of the new strategies against current
practice. All groups will complete a science assessment and pre- and post-intervention
questionnaire. At the end of the project in April 2020, we will ensure that all pupils will have
access to the new trial materials, and not just those randomly allocated to receive them first.

If you have any further questions pertaining to any aspect of this research, or your
child’s participation in it, please contact the PhD student (Fatema Sultana) undertaking this
research study, (e-mail soubfb@bangor.ac.uk). If you have any concerns about the research
being conducted, please contact the College Manager Mr Huw Ellis, at School of Psychology,
Bangor University, Bangor, Gwynedd, LL57 2AS or email huw.ellis@bangor.ac.uk

If you are happy for your child to take part in the project, please complete and return
the form enclosed with this letter. Your child’s school will then liaise with the research team
to organise the study programme in school.

Yours faithfully,

Fatema Sultana Prof J. Carl Hughes Dr Richard Watkins (GWE)
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PARENT/GUARDIAN CONSENT FORM

(Copy to be returned to researcher)

Study title: An Evaluation of a Revision Programme for Science

| have read the information about the study and discussed this with my child.

Please tick the boxes as appropriate.

I am willing for my child to take part in the study.

I am happy for the Bangor University research team to share my child’s science assessment
scores with SCHOOL NAME (we will also ask your child if they are happy for the school to

receive their chemistry results).

Name of Child: ... e

SChO0L: e,

Year GroUP: ..ottt

Signature of parent/guardian: ..............oooiiiiiii e

Date: oo
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the project. If you agree for your child to take
part, then please sign and return the attached
consent form to school.

There will be no negative impact if you choze
not to take part in the study. Similarly, you
can withdraw your consent =t any point by
contacting a member of the research team.

Why is my child being asked to take
part in this project?

Your child is being asked to taks part becausze
hefshe is between the age of 14 and 15 and is
studying science.

What does the project involve?

If you agree for your child to take part then
hefshe will receive the iStER revizion
programme this year. The project will also be
explained to your child and we will ask for
wour child's agreement before commencing
the teaching.

Information om the iStER revision programme
and resources are detailed below.

At the start (lanuary-February 2020) 2nd end
[April-May 2020) of the project, your child will
be asked to complete a brief questionnaire
and science assessment to help us gather
information abouwt your child’s chemistry
content knowledge and views about how they
lezrn and/or revise, as well as basic
demagraphic information such =5 gender =nd
sCience group.

A member of the research team will then
deliver the training session as part of the

The Research Project: An
Evaluation of a Revision

Programme for Science

Your child is being invited to take partin a
research project. This leaflet explzinz why the
research iz being carried out and what it will
involve, Flease take time to read the
followding information carefully and if you
have any guestions, please ask us.

Reszarchers:

Faterna Sultana (PhD student), School of
P=ychology, Bangor University.

Professar | Carl Hughes (Supervisor), Scheal
of Education and Human Development,
Bangor University.

Dr Richard Watkins [Supervisor], GwE
[Regionzl Schaol Effectiveness and
Improvement Service for Morth Walas).

What is the purpose of this
research?

Your child's school is taking part in 3 project
called: Improving Standards through Effective
Revizion (iStER).

According to research, the learning strategies
pupils use to revise (i.e., how they leam) can
hawe an impact on the outcomes they get.
Learning strategies can be described as
methods pupils can use to learn important
subject information in preparation for exams.
Through effective learning strategies pupils
study skills can be improved. Research shows
that using effective learning strategies has

revizion programme and this will last
approximately 1 howr. The training session
will include = presentstion that is designed to
teach your child sbout effective learning
strategies. Your child will then take partin z
practical seszion during which he/she will
receive some study/revision materials
zlongside step-by-step instructions om how to
uze them in chemistry.

At the end of the praject your child will be
asked to complete s brisf questionnaire and
science azsezsment. This will help us evaluate
the impact of the new strategies.

What does the revision programme

involve?

The i5tER revision programme has been
developed to improve secondary pupils
lezrning in school science (chemistry). The
programme includes effective learning
strategies, using retrieval practice and spacing
practice, which promote deep and long-term
learning. The programme =lso includes an
effective practice and recsll strategy, called
the Leitner system, to help pupils to organise
their learning more effectively.

Do all children take part in the
project?

We want to use 3 group of pupils to compare
the i3tER revision programme with usual
revizion/study techniguas. Some of the pupils
in the trial group will be randomly selected
[like tossing a coin) to receive weskly
supervized iStER zessions in school. A second
group of pupils will receive chemistry
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positive effects on academic performance
essential for lifelong success.

Researchers from Bangor University and the
Regional School Effectiveness and
Improvement Service for Morth Wales {GwE)
have been developing an evidence-based
revision programme called Improving
Standards through Effective Revision (iIStER).
The purpose of this project is to evaluate the
impact of the revision programme that is
designed to help secondary school pupils
revise more effectively for GCSE science. The
aim is to help pupils’ study and revise more
effectively to help them improve the
standards they can achieve.

Contact details:
If you require any further information or have
any questions about this study, contact:

Fatema Sultana (PhD Student)
Email: soubfbi@bangor.ac.uk

Prof. Carl Hughes [supervisor)
Phone: 01248 383278
Email: c.hughes@bangor.ac uk

Or address to the School of Psychology,
Bzngor University, Bangor, Gwynedd, LLE7
A5

What am I being asked to do?

We ask you to read through the information
provided about the study and decide whether
you would consent to your child taking partin

materials and attend weekly supervised
study/revision sessions in school using their
uzuzl lzarning strategies. A third group of
pupils will continue to study/revise as usual
without attending any additionz| weekly
sezsions. All pupils, irrespective of which
group they are in, will receive GCSE Chemistry
revision guides.

Do all children receive the

programme?

Yes. This project iz using a waiting list control
design. This mezans that the twao groups of
pupils whao were not initizlly randomized to
receive the iStER revision programme will
receive the training and materials st the end of
the study (April 2020).

Will my child's details and data be

kept confidential?

Yes. All the information about participants in
this study will be kept confidential and data
will be anonymaous and stored securely. Pupil
data will not be shared with any third parties.
Cnly members of the research team and your
child's zchool will have access to the study
data. You are free to withdraw your child’s
data from the study dats for up to one month
=fter the final data collection without giving 2
reazan. After ane month, the data will be
anonymized. This means that your child's
name will be replaced with = code and we will
not be able to identify your child's
information. You may withdraw from the
study by directly contacting any of the
researchers. If you decide to withdraw, your
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decision will not have a negative impact. Thank you very much for taking the time

Bangor University's Ethics Committze to read this information sheet.
inspects zll project proposals before work

begins (Ethics approval number: 2019-16566).

Benefits for your child

Your child will benefit from the teaching of
evidence bazed learning strategies and how
to effectively regulate their independent
study/revision time. In addition, your child
will benefit fram (the school) receiving
feedback about their level of understanding
of key chemiztry facts and concepts. We hope
thiz will help them improwve their level of
sttainment in chemistry. Your child's
participation will contribute to this study's
broader aims to improve the science
outcomes of current and future pupils in
secondary schools across Worth Wales.

Are there any risks?

There are no cbvious risks for participating in
the study. & member of the research team
will deliver the programme to pupils in 3
classroom on zchool site and, 2 member of
the schoaol team will supervise the school
visits. Members of the ressarch team are DBS
certified.

What do | do next?

If you are happy for your child to take part in
the project, please complete and return the
ferm enclosed with the letter. Your child's
school will then liaise with the rezearch team
to organize the revision programme in school
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Appendix G: Script for blind assessor (Chapter 4)

My name is [Name of blind assessor] and I am from Bangor University/. School name/your
school is taking part in a research project and we would like you to join in. Your
parents/guardians are also happy for you to join. Research is a way of finding out answers to
questions. This research will help us find out about how you study/revise, and how you can
improve your study/revision for chemistry using effective ways to learn.

We are inviting/asking you to take part because your school is keen to help you study/revise
effectively for GCSE chemistry. We are asking pupils in Year group 10 to take part.

Today | will give you some questionnaires to fill in. There are three questionnaires altogether.
The first questionnaire will ask you about some of the chemistry topics you have been
learning in chemistry lessons. The second questionnaire will ask you about how you
study/revise for chemistry, and the third questionnaire will ask about what you think and how
you feel about your chemistry lessons. It will take around 1 hour and 15 minutes to fill in
these questionnaires.

Instead of putting your names on yours forms, we will be using codes. All the questionnaires
will then be collected and stored securely.

We are going to arrange you into three groups. The groups do not reflect your current science
set or how you are currently doing in chemistry. The groups will be put together randomly
(like tossing a coin). Two of the groups will receive a revision programme starting in
February and the third group will carry on as usual until the end of the project.

Yes, this project is using a waiting list control design. This means that if you were in the
group that was not randomised to receive a revision programme, you will receive the
programme at the end of the project in April 2020. You will all also receive a GCSE
chemistry revision guide at the end of the project for taking part.

Your form teacher will tell you which group you are in. He/she will also tell you during
which lesson and in which class your first session is in.
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No, it is entirely up to you decide if you want to take part. You can ask questions before
choosing whether you want to join in today. You can always change your mind too and you
don’t have to say why.

Before any research projects happen it has to be checked by a group of people known as the
research Ethics Committee to make sure that it is fair. This project has been checked by the
Ethics Committee at Bangor University.

It can be helpful. You will learn about effective ways to study/revise. You will also be able to
find out how well you know the chemistry topics, and you can use this to improve your future
learning in chemistry.

Just tell your teacher or the researcher. It is fine if you do not want to take part and you don’t
need to say why.

If you are not happy about something that happens in the study, please talk to your teacher or
the researcher.

If you are happy to join this project then you can tick the first box on the front page. If you
would like to find out how you do on the chemistry questionnaire please tick the second box,
and if you would like the school to know how you do on the chemistry questionnaire so that
they can help you to focus on improving your chemistry then please tick the third box.

Before you can begin, it is important that you know that this is not an exam, however, there
are some rules we would like you to follow:

1. You will be filling in the questionnaires on your own.
2. Please do not speak to any other person in the room.

3. Please try to answer all the questions. If you really don’t know the answer to a
question, that is fine, you can leave the question blank, and move on to the next question.

4. If you don’t understand a question, please put up your hand and I will come over and
explain the question.

5. When you have finished please sit quietly until everyone else has also finished.
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6. Remember, that this is not an exam, the scores you get will not count towards any of
your school grades.

7. You will notice that there are codes on your envelopes and questionnaires. This is
because we are not asking anyone to write their names on the questionnaires/
assessments. If however, anyone changed their mind later in the study, and wanted to
remove their data, then you/ school can us your code and we can take out your data only
instead of having to take out everyone’s data.

8. You can start when you are ready.

259



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

Appendix H: PowerPoint presentation training slides for iStER group (Chapter 4)

« Why am | here? To take part in a revision project
* How long is the iIStER progmamme? 5 week long programme
« Why am | in the iIStER group? Random allocation, by chance

* How will this progmamme help me? Opporiunity 1o seli-egulate my
leaming

= Can | tell my friends, peers about the iIStER programme? Mo

p—

—
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My 5-week study / revision
timetable for chemistry
N T - Where do I go? 61

= Who will be there? Mr. (science
teacher name) and research student

= Whendo I go? E Menday,
Wednesday and Friday anytime
between 12:50 - 13:30

= When is the first session?
Tomerrow Tuesday 25

* What do I do when I'm there?
Study / revise using my iStER pack

= What do I do when I have
finished? Hand in my iStER pack

what will T learn
about today?

» What is iStER?

¥ What is independent study and revision?

¥ Why is it important to study and revise on my own?
¥ What are effective ways to learn when | study and

revise on my own?
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e /S

« Improving Standards through Bfective Revision

= Allearning programme that teaches yvou about effective waysto
study and revise for exams

+ A learning programme that teaches vou how 1o leamwhen vou
study and revise for exams

Research: To find out, to find out if something works or
does not werk

wn

Independent means doing something by yourself, on your own

Is Is not
« Setting yvourself a piece of work = Doing homework or other work
to do given by vour teacher.

« Learning on your own outside

ing over classwork on your

own

Revision means going over what you have already learnt ~
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Why is it important to study

on my own?

To do well in To make revision

seience a helpful activity
You can be Cevelop good study
successful habits

This can give you Smart learning
maore opportunities
in the future, better

job prospects.

Practice, practice,
practice..

This is what successful
learners are daing

Research shows that
students who do well
spend time studying on
their own outside of
class

To do well inschool and
be successful itis
important tostudy on
WO OWH

Think about successful people...

Tennis champions

‘Special skills”

Determination and
willingness to work
hard

Would work hard and
practice long hours

for hous
nd hours’.

Wha is your role model, find our how much time they spend working on whar they do_

e B0 Wik
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|s time alone enough?
Howyou learn

‘What does this
EVel Mmean?

! :

How are pupils learning?
Tabie 1. Summary of puds’ s of COMP0N BTN S

e Wery often SO WAt o T me kR

Legening Srategy Tkl (7)) % Total () ] Total [7) " Tokal (] ] Toksl i) %
M} WLsrs nr Al LA A T4 A M 4.8
Hghighiing =1 CLE 44 W X 13 ot %2
Using Flashoaeds = 50F &0 a0 123 8 5 iz 35 .o
Raredaing Inforbion +3} BG AT T4 iz 150 O 144 48
reating Roles = A - 1008 142 o4 1 ;A 116 i
indesriairend Practios 11 2T B8 138 I8 452 TE 58 17 x4
Spaced Pracics Rl S0E T2 EE L HE 18 ot -4 RLLE ]
Prachics Tes@ing CE ] HE W 12 M 2 108 20 | 8.8
[Elabasmte Endoding 107 H4 a7 134 108 ] 178 42 &4

10
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Are these effective ways to
learn?

e e
= ‘@ M
o % E

11

Are these effective ways to

learn?

Ineffective ways Moderately effective Effective ways to

to learn ways to learn learn
Highlighting informti [ Making notes | v ipﬂfinglpmcﬁée
Reading ink tion over Interieaved prachce ¥ Retrieval practice
and over again Elaborate encoding

Making mind maps

12
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What are effective ways to
learn?

v' Spaced Practice
v Retrieval practice

What is Spaced Practice?

Start planning early for exams. Do a little bit of learning every
other day.

| Monday  Tuesday  Wednesday  Thursday Fridey |

Stady chemical Feview chemical Faview chamicsl
resetions reactions reactions
10 minutes 10 rrirutes 10 minutas

=
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What does research say about

spaced practice?

Forgetting curve

First Learnad Renviewad
ra i
— —

-~ B ¥

5

Days

Retrieval practice

* Getting information out

* Tryingto remember information from
memaory, without looking at vour
notes

is
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This sounds like doing a
test!

®iA>

— &

Past papers: Practicetests o  Quizzes

17

y 4

How can | use spacingand
retrieval practice?

Improving Standards through Effective Revision

/ (iStER

™

i8
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How can I use spacing and

retrieval practice on my own?

How can I start studying on my own?
IStER Files Ten Minuie Rule iStER Calendar

What is the Ten Minute Rule?

Ten Minute Rule

Tell yourselffyou  Go to your iStER Find a spaceand shuffie the cards
are goingto do 10 dailycalendarand sitdownwiththe 54 then practice

minutesof hard See whichfileof  Cards. leaming the cards
work. Thatisall. cardsyoushould using retrieval
review today. practice.

You can of course stop after ten minutes or carry on.
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Tuesday 25™ February

v Thearuday
Frbrmany B Faaruam 18 [Jre——rT [e—— Vehrsary 3

- - —— —— ———
Wak 1| Memdary s e | Updnedry | et | Plmndey S | Frie ot
L _ ek Harth 4 L __ 13 Harvh @
p— [~ — —— —
F — _— — _— —
Wk ) iy T T Tuwsdary | o W el | T 'T—-I.q ] Frodes | |
pre—r (= rH s B St 1 st i

21
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Monday 2" March

e : | S
i B &l i i

24
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Appendix I: PowerPoint presentation slides for chemistry study group (Chapter
4)

AN g

Chemistry studyi
group

Fatema Sultana, Dr Richard Watkins & Prof 1. Carl
Hughes

Project overview

+ Why am I here? To take partin a study / revision
project
+ How long is this project? 5 week long programme

+ Why am I in the chemistry study group? Random
allocation, by chance

¥ Whatdo I have to do? Attend weekly study /
revision sessions

+ How wil this project help me?

¥ Can I tel my friends, peers about the revision
project? NO
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My 5 — week study / revision
timetable for chemistry

+ Where do I go? G2

¥ Whowil be there? Mr. (name of science
teacher)

+ When do I go? Every Monday, Wednesday and
Thursday, any time between 12:50and 13:30

¥ When is the first session? Today Tuesday 25%
February

+ What do I dowhen I'm there? Study / revise on
my own using my chemistry revision folder

+ What do I dowhen I finish? Hand in my folder

Study /revision folder

My sludy jrevision My chenistry guice

My presentation Pl Talde and
sk, ORI e shsal
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N

L l
Ere—_th)

Tuesday 24" February

]I

v Only 3 study /
revision session
a week !

v No study /
revision session
on Tuesday or
Thursday
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Recap

- “heredoIgo?

* Claszoom G2

= //ho will be there?

* Mr. (Mameof sdenceteacher)

When doIgo?

* Every Monday, Wednesday and Friday, any time
between 12:50 - 13:30 (seemy timetable)
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Recap

. \\\hen s the first session?

» Today Tuesday 25% February, 12:50- 13:30

. \/hatdo I dowhen I'm there? .

= Let the science teacher know and he will give memy
folder to study / revise using my Chemistry booklet

WhatdoI dowhen I have finished?

= Let the science teacher know | have finished, and |
giwve him my folder

Thank you for taking part

10
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Appendix J: Weekly lunchtime session timetable for iSER group (Chapter 4)

My sindy / revision timetahle
Monday Tuesday Wednesday Thursday Friday
February 24 February 25 February 26 Febroary 17 February 2§
Study | revision Study / revision Study | revision
SRESI0N SEE5I0N
Time: 12:50- 13:30 Time: 12:50- 13:50 Time: 12:50- 13:30
Foom: G1 Foom: 1 Foom: 1

Monday Tuesday Wednesday Thursday Friday

March 2 March 3 March 4 March & March &

Study / revision Study / revision Study / revision
Time: 12:50- 13:30 Time: 12:30- 13:30 Tomee: 12:50- 13:30
Foom: Gl Foom: G1 Foom: Gl

Monday Tuesday Wednesday Thursday Friday
March & March 10 March 11 March 12 March 13
Study / revision Study / revision Study / revision
Tome: 12:50- 13:30 Time: 12:50- 13-30 Timee: 12:50- 13:30
Foom: &1 Room: &1 Foom: Gl
Monday Tuesday Wednesday Thursday Friday
March 16 March 17 March 18 March 19 March 20
Study / revision Study / revision Study ! revision
Tome: 12:50- 13:30 Time: 12:30- 13:30 Timee: 12:50- 13:30
Foom: Gl Foom: Gl Foom: Gl
Monday Tuesday Wednesday Thursday Friday
March 23 March 24 March 25 March 26 March 27
Study / revision Study / revision Study / revision
=8asion zazsion
Tome: 12:50- 13:30 Time: 12:50- 13:50 Tome: 12:50- 13:30
Foom: Gl Foom: Gl Foom: Gl

Pleas: come to vour study / revision sessions for 10 minutes at least. You can of course

stay for longer if vou want.
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Appendix K: Weekly lunchtime session timetable for chemistry study group

My study / revision timetable
Monday Tuesday Wednesday Thursday Friday
February 24 February 15 February 26 February 17 February 28
Study / revision Study / revision Study / revision
Time: 12:50- 13:30 || Time: 12:50- 13:30 Time: 12:50- 13:30
Monday Tuesday Wednesday Thursday Friday
March 2 March 3 March 4 March 5 March &

Study / revision Study / revision Study / revision
Time: 12:50- 13:30 Time: 12:50- 13:30 Time: 12:50- 13:30
Room: G2 Room: G2 Room: G2

Monday Tuesday Wednesday Thursday Friday
March 9 March 10 March 11 March 12 March 13
Study / revision Study / revision Study / revision
Time: 12:50- 13:30 Time: 12:50- 13:30 Time: 12:50- 13:30
Room: G2 Room: G2 Room: G2
Monday Tuesday Wednesday Thursday Friday
Mareh 16 March 17 Mareh 18 March 19 Mareh 20
Study / revision Study / revision Study / revision
Time: 12:50- 13:30 Time: 12:50- 13:30 Time: 12:50- 13:30
Room: G2 Room: G2 ‘ Room: G2
Monday Tuesday Wednesday Thursday Friday
March 13 March 24 March 15 March 26 March 17
Study / revision Study / revision Study / revision
Time: 12:50- 13:30 Time: 12:50- 13:30 Time: 12:50- 13:30

Please come to vour study / revision sessions for 10 minutes at least. You can of course
stay for longer if vou wani.

Group 2
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Appendix L: PDF of iStER flashcards before being sent to print unit (Chapter 4)

Give the meaning of the term solute.

Give the meaning of the term solvent.

Ethanol is soluble in water. Describe how vou
would separate ethanol from a ethanol-water
mixture.

Diraw and label the apparatus you would use to
separate an insoluble solid from a water-solid
mixture.

Give the term used for the soluble solid in a
solution.

Give the term used for the liquid used to dissolve
a solid in a solution.

Calculate the Rf value of the yellow spot on the
chromatogram below

sobwent front
gr—— . blue
............... 9 -
1ocm ]
o
J, === -
i
............................. - estgin

Give the term used to describe a reaction where
the temperature increases.

Give the term used to describe a reaction where
the temperature decreases.

Cls 15 an element but NaCl is a compound.
Explain.
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The liquid used to dissolve a solid and form a
solution.

The soluble solid in a solution

\\-H--H""\-\.
bnuid and inscluble sajid “"h-\l
\ l',-"'l
fibar pagr. o
o
;) o~
filtai
fitared solkd

Process is called distillation.
Heat the ethanol-water mixture.
The ethanol has the lower boiling temperature,
and therefore forms a vapour first which is then
condensed using a condenser, and collected as a

liguid.
.
Solvent Solute
Rf = distance travelled by component
distance travelled by solvent
Exothermic
Rf=20 = 02
10.0
Cl: is an element because it is made up of one
type of atom only / of chlorine atoms only.
MNaCl is a compound because it is made up of Endothermic

more than one type of atom / made up of
chlorine and sodium atoms.
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Appendix M: Example of chemistry booklet students in chemistry study group
received (Chapter 4)

Give the meaning of the term solute. The soluble solid in a solution.

Give the meaning of the term solvent. The liquid used to dissolve a solid and form a

solution.

Ethanol is soluble in water. Describe how you would separate ethanol from a ethanol-water
mixture. Process is called distillation. Heat the ethanol-water mixture. The ethanol has
the lower boiling temperature, and therefore forms a vapour first which is then

condensed using a condenser, and collected as a liquid.

Draw and label the apparatus you would use to separate an insoluble solid from a water-solid

mixture.

Give the term used for the soluble solid in a solution. Solute
Give the term used for the liquid used to dissolve a solid in a solution. Solvent

Calculate the Rf value of the yellow spot on the chromatogram below

sohvent front

bDue

purpla

Rf = distance travelled by component

distance travelled by solvent
Rf=2.0 = 0.2
10.0

Give the term used to describe a reaction where the temperature increases. Exothermic

Please turn over the page for more chemistry content
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Appendix N: iStER Zippa File labels (Chapter 4)

- All the cards will be in this file first. These are the cards that need
to be learnt. Your task is to spend 10 minutes trying to practice
remembering the answers on these cards. When you correctly remember
and write the answer to a card, you can move it down to file two (the red

file).

- This file contains the cards that you have just moved out of file
one (the green file); these are freshly learned cards and so can still
confuse you. Your task is to spend 10 minutes reviewing these cards.
You need to look at the 1StER daily calendar as this will let you know
when you need to review the cards in this file. When reviewing these
cards 1f you struggle to or cannot remember the answer then you have
to move 1t back to file one (green file). If you can remember and write the
answer to a card easily without any struggle then you can move the card
down to file three (the yellow file).

File 3. Thus file will contain the cards that you get correct when you test
yourself. You feel confident remembering and writing the answers

to these cards, even when the information 1s difficult. If you make any
mistakes or struggle to remember the answer at all, the card must be
moved into file two (the red file).

You need to look at the 1StER daily calendar as this will let you know
when you need to review the cards in this file.
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Appendix O: iStER calendar contained in the iStER resource packs (Chapter 4)

Done Done Done Done Daone
Week 1 Muonday YesfNo | Tuesday YesfNo | Wednesday YesfMo | Thursday YesfMo | Friday Yes/No
February 24 February 25 Febroary 26 Febrruary 27 February 28
Theve stasrt Tl stadt ik Start Tirma start Tima start
Theret finiish Tirne Finish Tirnek finish Tirma finksh Tima finish
Study File Study File Study File
Week 2 Monday ves/Mo | Tuesday Yes/Mo | Wednesday Yes/Mo | Thursday ves/Mo | Friday Yes,/ Mo
March 2 March 3 March 4 March 5 March &
T stari i stasi Tirmee: start Time start Time start
_ Tiene finish Tirse finish T Tinish Time finish Time finish
Study File Study File Study File
Week 3 Monday ves/No | Tuesday YesfNo | Wednesday Yes/Mo | Thursday Yes/Mo | Friday Yes/MNo
March % March 10 March 11 March 12 March 13
T stari i stasi Tirmee: start Time start Time start
Theret: finish Tirmt fnish Tt Tinish Tima finish Tima finish
Study File Study File Study File
Week 4 Monday Yes/Mo | Tucsday Yes/No | Wednesday Yes/Mo | Thursday Yes/Mo | Friday Yes/ Mo
March 16 March 17 March 1§ March 1% March 20
Thewek stasrt Tirne staim Tirnek start Tima stait Time start
Theret finiish Tirne Finish Tirnek finish Tirma finksh Tima finish
Study File Study File Study File
Week 5 Monday Yes/No | Tuesday Yes/Mo | Wednesday Yes/Mo | Thursday Yes/Mo | Friday Yes,/ Mo
March 23 March 24 March 15 March 26 March 27
Thene start Tirme: stast Tirme: start Tirme start Review File Time start
_ T finish T finish T Tinish Tima finish _ Time finish
Study File Study File Study File
Remember:
= tocircle Yes/No
-
=  Follow the order of the colours
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Appendix P: Frequency outcome scores for journal entries made by the
IStER intervention and chemistry study group students (Chapter 4)

Table P. 1 Frequency scores for journal entries completed by iStER intervention group
students during weekly lunchtime sessions.

Session

1 2 3 4 5 6 7 8 9
Student 32 5 5 7 6 7 6 5 13 7
Student 30 14 19 29 14 9 14 8
Student 28 6 5 6 9 18 9
Student 29 9 13 11 10 15 11
Student 33 5 7 5 7 7
Student 25 9 9 8 7 9
Student 24 3 7

Table P. 2 Frequency scores for journal entries completed by chemistry study intervention
group students during the weekly lunchtime sessions.

Session
1 2 3 4 5 6 7 8 9
Student 22 4 10 11 8 11 5 7 7
Student 12 5 4 2 3 2 1
Student 182 0 4 3 4 2 3
Student 19 4 3 6 7 6
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Session
1 2 3 4 5 6 7 8 9
Student 21 7 5 1 5) 9
Student 14 1 6 5
Student 13° 0 0
Student 17 5

Note. We have presented the data only for the students who attended the sessions. The gaps
show any session(s) students missed. 2In the first session student 18 was present and in the
first and second sessions student 13 was present, however, no journal entries were made by
these students for those sessions. However, because the students were present for those
sessions, we have presented their data alongside and have used a zero to indicate no journal
entries were made during those sessions for these students.
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Appendix Q. Changes made to the ERaSSQ survey for the CEN study (Appendix

E)

Table Q. 1 Overview of modifications to the ERaSSQ survey

Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

N/A

Since the start of the
COVID-19 pandemic until
the present day, how
often did you use the
following learning
resources to learn
schoolwork, study and/or
revise at home? Please
tick the box.

Response options:

Never, rarely, sometimes,
most of the time, always

This was a new survey
item added to measure
learners use of study
resources. The survey
item reflects the change
in the delivery of
schoolwork as learners
were required to
undertake independent
work during the
pandemic.

How often do you use the
following learning
strategies when you
study/revise for science?
Please tick the box that
best describes your
answer.

List of learning
strategies:

Using mind maps
Highlighting or underlining
information/text

Using flashcards

Reading information/notes
over and over

Making notes
(summarising)

Spaced practice
(spreading study/revision

Since the start of the
COVID-19 pandemic until
the present day, for any of
the learning resources
listed below have you
used and/or made your
own mind maps whilst
accessing any of these
learning resources for
schoolwork, study
and/revision at home?

Please tick all boxes that
apply.

The same survey item
was repeated nine times
and used for each of the
nine learning strategies
assessed in the present
study;

This survey item was
modified for the present
study. The initial version
was designed to measure
which learning strategies
learners use for
independent work. For the
current study, we
modified this survey item
to measure which
learning strategies
learners were using whilst
accessing the various
study resources for
independent work.

Minor modifications were
also made to the learning
strategy terms as well as
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

sessions over time)

Doing practice tests (e.qg.,
past papers)

Interleaved practice
(mixing different science
subjects or science topics
while studying/revising)

Elaborate encoding
(connecting what you are
trying to learn to what you
already know e.g.,
remembering the colours
on the visible spectrum by
learning he following
sentence; Richard Of
York Gave Battle in Vain
[Red Orange, Yellow,
Green, Blue, Indigo,
Violet])

Likert scale options:

Never, rarely, sometimes,
most of the time, always

Using mind maps

Modified: Highlighting
and/or underlining
information/text

Using flashcards

Reading information/notes
over and over

Modified: Making notes
and/or summarising
information

Modified: Spaced
practice (Spaced practice
involves spreading your
study time and going over
the same information)

Modified: Retrieval
practice (Retrieval
practice includes
answering past paper
guestions, quizzes, being
tested by someone else
or any other activity which
involves remembering
information from memory
without looking at the
information that you are
trying to remember)

Modified: Interleaved
practice (i.e., organising
your study time so that
you mix different kinds of
problems or topics within
a single study session)

Elaborate encoding
(involves connecting what
you are trying to learn to
what you already know
e.g. remembering the
colours on the visible
spectrum by learning the

the definitions of the
learning strategies
included in survey items.
These are highlighted as
being modified.
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

following sentence;
Richard Of York Gave
Battle in Vain [Red,
Orange, Yellow, Green,
Blue, Indigo and Violet]).
These are called
mnemonics.

There are two parts to this
guestion. For the first part,
using the list of learning
strategies above, please
write down on the dotted
line below, the THREE
learning strategies that
YOU most frequently use
when you study/revise for
science. For the second
part, please tick the boxes
to show how well YOU
think the THREE
strategies that YOU have
written down help you
learn when you
study/revise for science.

List of learning
strategies:

Using mind maps
Highlighting or underlining
information/text

Using flashcards

Reading information/notes
over and over

Making notes
(summarising)

Spaced practice
(spreading study/revision

How effective (i.e.,
helpful) do you think the
following learning
strategies are for
schoolwork, study and/or
revision. Please tick the
box that best describes
your answer.

List of learning
strategies:

Using mind maps

Modified: Highlighting
and/or underlining
information/text

Using flashcards

Reading information/notes
over and over

Modified: Making notes
and/or summarising
information

Modified: Spaced
practice (Spaced practice
involves spreading your
study time and going over
the same information)

Modified: Retrieval
practice (Retrieval
practice includes
answering past paper

In the current study we
asked learners to rate the
effectiveness of all the
listed learning strategies.
Learners could also select
the ‘I am not sure option.
In contrast, in the initial
version of the ERaSSQ
survey, we asked learners
to first list three strategies
they most frequently use
and only evaluate those
strategies on their
helpfulness.

Following peer review in
an academic journal this
survey item was modified
to measure learners'
understanding of the
effectiveness of all
learning strategies, to
create an overview of
what learners understand
to be the most and least
effective strategies.

Was modified due to the
restricted nature of the
guestion format and to
create an overview of how
students assess the
effectiveness of all nine
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

sessions over time)

Doing practice tests (e.qg.,
past papers)

Interleaved practice
(mixing different science
subjects or science topics
while studying/revising)

Elaborate encoding
(connecting what you are
trying to learn to what you
already know e.g.,
remembering the colours
on the visible spectrum by
learning he following
sentence; Richard Of
York Gave Battle in Vain
[Red Orange, Yellow,
Green, Blue, Indigo,
Violet])

Likert scale options:

Not at all helpful, slightly
helpful, moderately
helpful, very helpful,
extremely helpful

guestions, quizzes, being
tested by someone else
or any other activity which
involves remembering
information from memory
without looking at the
information that you are
trying to remember)

New strategy: Watching
videos on the subject
topic

New strategy: Listening
to audio on the subject
topic

Modified: Interleaved
practice (i.e., organising
your study time so that
you mix different kinds of
problems or topics within
a single study session)

Elaborate encoding
(involves connecting what
you are trying to learn to
what you already know
e.g. remembering the
colours on the visible
spectrum by learning the
following sentence;
Richard Of York Gave
Battle in Vain [Red,
Orange, Yellow, Green,
Blue, Indigo and Violet]).
These are called
mnemonics.

Likert scale options:

Not at all helpful, slightly
helpful, moderately
helpful, very helpful,
extremely helpful, | am

(or perhaps even more)
strategies.

Two additional strategies
identified from the
findings to the open-
response questions in our
earlier survey were
included (watching videos
on the subject topic,
listening to audio on the
subject topic).

289




EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING

LEARNING IN SCIENCE

Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

not sure

N/A

How effective (i.e.,
helpful) do you think the
following learning
resources are for
schoolwork, study and/or
revision. Please tick the
box that best describes
your answer.

List of learning
resources:

BBC bitesize, Quizlet,
Tanio.Cymru, Hwb
Platform, WJEC website,
AQA website, Khan
Academy, Oak National
Academy, Seneca
Learning, Text
book/guide,
Information/notes
uploaded by your
teacher(s) on your
school's digital learning
platform or other online
platforms such as Google
Classroom and Microsoft
Teams, Information/notes
in my class book and/or
folder

Likert scale options:

Not at all helpful, slightly
helpful, moderately
helpful, very helpful,
extremely helpful, | am
not sure

This was a new survey
item added to measure
learners' understanding of
the effectiveness of study
resources. The survey
item reflects the change
in the delivery of
schoolwork as learners
were required to
undertake independent
work during the
pandemic.
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

N/A

During the COVID-19
pandemic think about a
week when you were
learning at home all the
time and did not go to
school. For that week,
how many hours of
schoolwork did you do at
home. Please tick ONE
box. Schoolwork is any
work that your teacher
asked you to do and given
to you by your teacher(s)
(i.e., classwork, online
classroom lessons with
your teacher(s)).

Response options:

None, less than 1 hour a
week, 1-2 hours a week,
2-3 hours a week, 3-4
hours a week, 4-5 hours a
week, 5-6 hours a week,
6-7 hours a week, more
than 7 hours a week

This was a new survey
item added to measure
the time learners spent on
schoolwork during the
COVID-19 school
closures. The survey item
reflects the change in the
delivery of schoolwork as
learners were required to
undertake independent
work during the
pandemic.

In a typical week how
many minutes/hours of
study do you do for
science outside of
lessons? Please tick the
box.

Response options:

Less than 1 hour study a
week, 1-2 hours study a
week, 2-3 hours study a
week, 3-4 hours study a
week, 4-5 hours study a
week, 5-6 hours study a
week, 6-7 hours study a

During the COVID-19
pandemic think about a
week when you were
learning at home. How
many hours of
independent study did you
do at home when your
school was closed.
Please tick ONE box.
Independent study can be
spending some time going
over the schoolwork that
you have learned by
yourself, or any additional
work that you set yourself
to do.

This survey item was
modified for the present
study, including changes
to the wording of the
survey question and
response options.
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

week, more than 7 hours
study a week

Response options:

None (new option), less
than 1 hour a week, 1-2
hours a week, 2-3 hours a
week, 3-4 hours a week,
4-5 hours a week, 5-6
hours a week, 6-7 hours a
week, more than 7 hours
a week

N/A

At the start of the
COVID-19 school
closures when you
started home learning,
how confident did you feel
about using the following
digital learning platforms?
Please tick the box that
best describes your
answer.

How confident do you
NOW feel about using the
following digital learning
platforms. Please tick the
box that best describes
your answer.

List of digital learning
platforms:

Hwb Platform, Microsoft
Teams, Google
classroom, Moodle, Show
my homework

Response options:

These were two new
survey items added to
measure learners'
confidence in using digital
learning platforms at the
start of COVID-19 school
closures and at the
present time of
completing the ERaSSQ
the survey (April-May
2022). The survey item
reflects the change in the
delivery of schoolwork as
learners were required to
undertake independent
work during the
pandemic.
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

Not confident at all,
slightly confident,
somewhat confident, very
confident, extremely
confident, our school did
not use this / We did not
use this

N/A

At the start of the
COVID-19 school
closures, how confident
did you feel about each of
the following aspects of
learning? Please tick the
box that best describes
your answer.

How confident do you
NOW feel about each of
the following aspects of
learning? Please tick the
box that best describes
your answer.

List of study activities:

Learning schoolwork on
my own outside of school
without help from school
teacher(s)

Using online learning
resources

Using the internet for
finding effective (i.e.,
helpful) learning
resources

Using effective (i.e.,
evidence- informed)
learning strategies

Using the internet for

These were two new
survey items added to
measure learners'
confidence in using digital
learning platforms at the
start of COVID-19 school
closures and at the
present time of
completing the ERaSSQ
the survey (April-May
2022).
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

finding effective (i.e.,
helpful) learning
strategies

Using offline learning
resources (e.g.,
textbooks, study/revision
guides)

Studying on my own
outside of school (i.e.,
doing work other than
homework)

Revising on my own in
preparation for class
tests, external exams at
home

Response options:

Not confident at all,
slightly confident,
somewhat confident, very
confident, extremely
confident, our school did
not use this / We did not
use this

N/A

If you know about any of
these learning
strategies, please tell us
where you found out
about them? Please tick
all boxes

We used the same
abovementioned list of
learning strategies.

If you know about any of

These were two new
survey items added to
measure where learners'
knowledge of learning
strategies and study
resources came from.

Following peer review in
an academic journal this
survey item was added to
measure

where learners’
knowledge about learning
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

these online/offline
learning resources,
please tell us where you
found out about them?
Please tick all boxes that

apply.

We used the same above
mentioned list of learning
resources.

strategies and resources
came from. To gain a
better understanding of
learners independent
study practice.

Imagine that you are
planning to study and/or
revise for an upcoming
science test. Please tick
the option that best
describes your answer,
for why you might use do
practice tests (e.g., past
papers) to study/revise in
preparation for the test.

Response options:

Doing practice tests when
| study/revise will help me
to know how well | have
learned the information for
the science tests.

Doing practice tests when
| study/revise will help me
to learn and remember
the information for the
science test.

| do not think doing
practice tests when |
study/revise will help me
learn and remember the
information for the
science test.

Imagine that you are
planning to study and/or
revise for some
information that you have
learned in school. Please
tick the option that best
describes why you might
use retrieval practice to
study/revise the
information that you have
learned in school.
Retrieval

practice includes
answering past paper
guestions, quizzes, being
tested by someone else
or any other activity which
involves remembering
information from memory
without looking at the
information that you are
trying to remember.
Please only tick ONE
option

Response options:

Using retrieval practice
when | study/revise will
help me to know how well
| have learned the

This survey item was
modified for the present
study, including changes
to the wording of the
survey question, the term
used for the learning
strategy in the survey
guestion and response
options.
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

We used the same above
guestion style to measure
learners’ understanding of
the learning strategies
spaced practice, using
mind minds and using
flashcards.

information.

Using retrieval practice
when | study/revise will
help me to learn and
remember the
information.

| do not think using
retrieval practice when |
study/revise will help me
learn and remember the
information.

We used the same above
mentioned question style
to measure learners’
understanding of the
learning strategies spaced
practice, using mind
minds and using
flashcards.

N/A

Which of the following
strategies do you think
research has found to be
better for long-term
retention of material (i.e.,
for remembering
information), assuming
the total amount of study
is the same? Please only
tick ONE option.

Response options:

Studying the material in
multiple session of shorter
duration

Studying the material in
one longer session

Both strategies are

This was a new survey
item added to measure
learners' understanding of
the learning strategy
spaced practice in a
different way.

Findings from our earlier
survey showed learners
understand the benefits of
spaced practice, however,
reported using this
effective strategy less
frequently compared with
other less effective
strategies. It was
therefore important to
assess learners’
understanding of spacing
practice using a different
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Survey item used in Survey item used in Description
earlier version of present version of
ERaSSQ ERaSSQ for study
equally effective (i.e., guestion.
helpful)
N/A During the COVID-19 New survey item related

school closures, how
helpful was the support
you received from your
school for the following
aspects of home learning.

Please tick the box that
best describes your
answer

Aspects of home
learning:

Using your school’s digital
learning platform

Using other online
platforms such as Google
Classroom, Microsoft
Teams to access
schoolwork and/or
communicate with your
school teacher(s)

Response options:

Not at all helpful,
somewhat helpful,
moderately helpful, very
helpful, extremely helpful

to the COVID-19
pandemic.

Do you think that you
should be provided with
information about
effective learning
strategies to help
study/revise for science?
Please tick the box.

Do you think that you
should be provided with
information about
effective learning
strategies and/or learning
resources to help you with
schoolwork, study/revision
in the event of any future

This survey item was
modified for the present
study, including minor
changes to the wording of
the survey question that
related to the COVID-19
pandemic.
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Survey item used in
earlier version of
ERaSSQ

Survey item used in
present version of
ERaSSQ for study

Description

Response options:
Yes

No

school closures? Please
tick the box.

Response options:
Yes

No

Would you be interested
in receiving information
about evidence-based
learning strategies that
will help you to
study/revise effectively for
science? Please tick the
box.

Response options:
Yes
No

Would you be interested
in receiving information
about effective (i.e.,
evidence-informed)
learning strategies and/or
learning resources that
will help you to learn
schoolwork, study/revise
effectively? Please tick
the box.

Response options:
Yes
No

This survey item was
modified for the present
study, including minor
changes to the wording of
the survey question that
related to the COVID-19
pandemic.
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Appendix R. Modified version of Effective Revision and Study Strategies
Questionnaire (ERaSSQ) (Appendix E)

Page 2: Effective Revision and Study Strategies Questionnaire

Survey instructions

* Plags tick the appropriate box or fill in the answer

* There is no right ar wrong anseer

» Plaass chooss the answer which represents your view

= Your answers will not reflect on your clment pe dormance in schoal or that of your schoal

Section 1: Uee of Leamning Resources and Leaming Strategles

Thits saction of $he survey asks yau about the leaming resouncas and leaming strabsgies that you used for schoolwork, stidy andior revision sinos
the start of the coronavius (COVID-19) pandemic urlil the presant day, whilst at home.

Your answers will help us o understand how we can halp leamens o shidy andtor revisss mone effectively.

2 Since the start of the COVID-19 pandemic until the present day, bow aften did yoo wse the foliowing leaming resources o lsam schoowok,
study andiar revise at home? Please Sick the bo.

Mewer Rarely Sometimes Mast of the Hire Abways
BBC BRasipa r r r r r
Cluihet r r r r r
TapsGMr r r r r r
Hwt Pladarn r r r r r
WIEC websiie r r r r r
AL, website r r r r r
Khan Academry r r r r r
Dk Mational Acadeny r I r r r
Seneca Laaming r r r r r
Tt boukguid r F r r r

|nfarmation/nales uploaded by your

{eachens) on your school's digital

learning platform ar other online r r r r r
platiorms such as Google

Classraom and Microsoft Teams

|ndarmation/nates in my dass r r r r r
boakfolder

28 Sinoe the star of the COWVID-19 pandemic unbl the presant day, i you wsed a diffarent leaming rasou roa(s) for scheel wad, shdy andior
resision at home, that is not mentioned above, plesss wiite this rmsounce(s) in the space balow.

The fallowing queastions are abaut the leaming strategies that you might have usad whilst using the keaming resounces mentioned abowe (e, how
you leamed indamation).

Leaming stralegies ans the methads e, difarent ways) that you use b leam rrormation for schadbwork, shidy andlor revision

3 Since the start of the COVID-19 pandemic urtil the present day, for any of the leaming resounes lsted below have you used andior made your
crwn: IMind MBps whilst acosssing army of thase learning resources for schoolwork, study andirevision at hame? Please tid all baxes that apply.

F BEC Bilssize
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r Cuszhat
——

™ WJEC website

A website

I Hhan Acadamy

I Crak Nasioral headeny

I Seneca Leaming

Tt bockiquide

F Informationinabes uplaaded by your Seachens) on your schoals digital leaming platiorn or ather anline platforms such as Gaegles Classraonm
and Microseh Teams

[ Hah Platicem

 Informationinates in my class bookfoider

I | dic] not use andior make mind maps whilst accsssing any of the leaming resounses mentioned above

38 Sinos the startof the COVID-19 pandemic until the present day, Tor any of the leaming rescunoas lisied below have you highlighied andior
underiined Informationdest whils! accessing any of thess leaming resources for schoolwark, Sludy andiar revigsion at home? Please tick all boces

that apply.

r BEC Biesize
F Ouizlet

R—

F WIEC wabsite

r AQA websie

I Khan headamy

I Ok Masiaral feadany

[ Seneca Learring

r Tatboskiquide

F Irfsrmationinstes upkaaded by your seachers) on your scheals digital learming platiorm af ather anline platfeems such s Goegle Classroon
and Microsalt Teams

[ Hwh Platiomm

F Irfermationinstes in my class boskfidar

I 1 dicd rt highlight andior underine infermationitest whilst accessing any of the leaming resources mentioned aboe

3B Sincos the star of the COVID-19 pande mic unbil the presant day, for any of the leaming resources listed balow bave you used andior made your
awn flashcamnde whiks accessing any of these leaming resources for schaohwark, study andfor revision at home? Please tick all baxes that apply.

 DEC Bilesize
Ozt

I TARR AR,

F WJEC website

A website

I Khan Acadamy

I Crak Nasia sl Acadeny

F Sensca Learring

[ Tiet bockiquide

I Informationinates uploaced by yout Seachens) on your schoals digital leaming platiorm ar ather anline platforms such as Gaegle Classreom
and Microseh Teams

[ Hak Platicem

 Informationinates in my chiss bookfoider

i not wse andior make my own fEashaands whilst acoessing any of the leaming resounses mentioned aboe
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35 Since the start of the COVID-19 pandamic urtil the presant day, for any of the learning resources Esbed below have you read
Informationdnotes over and over whilst acsessing any of these learning resources far schoahwark, study andior revision & home? Please Sck all
bomes that apaly.

r BEC Biesize
r Quislet

s

I WJEL websits

I AQH websie

I Khan Acadamy

I Ok Nasianal Aeadary

I Seneca Leaming

- .

I Infermaticainstes upkaadad by your teachens) on your sshoals digital learning platieem ar atfer online platfrms such as Google Classren
and Microsalt Teams

I Hat Platicem

I Infermaticainstes in my class bookfadar

I | did not read informasianinetes ovar and over whils! aceessing any of the learring resaurees mentiened abave

3d  Since the start of the COVID-19 pandemic unbl the present day, for any of the leaming resounsas lisied below have you made nobes andiar
aumAaHped Information whils! accessing any of thess leaming resources for schoolwork, study andfor revigion af home? Please Sick all boses that

apply.

I DBC Bilesize
r Quizlet

- TR

I WUEL websits

r QA website

r Khan Acadamy

I Ok Masianal Academmy
I Seneca Leaming
= )

r Infermaticninstes upkasded by your teachens) on your sshoals digital learning phatioem or atfer online platforms such as Google Classren
and Microssht Teams

I Hwi Platiorm
I Irformationifobes in my class bookfolder
T | did not make rotes andior guEggapse; imformation whillst accsssing ary of the leaming resounoes. manfianad sbowe

38 Sinoe the start of the COVID-19 pandemic untl te present day, for any of the leaming resounces listed balow have you wsed apaced
practice whilst acoessing any of these learming resaurces for schoabwark, study andiar revision af home? Please fick all boxes that apply. Spaced
pracTice niciies spreading your study Bme and gaing cver fhe same nfomation.

I BEC Bilesize

I Quizlet

r TARS

™ WIEC websiba

T MDA website

™ Khan feadamry

™ Ok Masicnal Academmy
I Beneca Leaming
Dt bockiuide

I Informationinobes uplaaded by your teachens) on your schoals digital learing platform or ather online platforms such as Googhe Classraom
and Microsoft Teams
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' Hwh Platiorm
F Irfermationinobes in my class boakfolder
F | did not e spaced pracios whils! accessing any af the saming rsounces mernioned abe

3 Since the star of the COVID-19 pandemic uril the present day, for any of the learning resources Esbed below have you used retrieval
practice whilst asoassing any of thess learming resaurces for schoabwark, sludy andiar revision at home? Please fick all baves that apply. Remrieval
[ACTicE NCADES BNSWErng pas! paper qUestions, quizzes, baing fesed by SOmMeone Sise ar Sn) oter oty wivch Involves remembening
fovmation from memary Withour icaking at the nfamation ihal you are rying fo remember

™ BBEC Bilesirs

™ Cuizlet

- TR

™ WJEC webdite

T A0 websine

™ Khan Adcadamy

™ Dk Nagianal Acadery
T Sensca Laaming

I Rastbocknuide

M Infermationinobes uploaded by your teachen 5] on your schoals digital leaming platiorm or ather anling platfrms such as Google Classroam
and Microsaht Teams

I Hwh Platiorm
r Irformationifobes inmy class baok andior folider
M | .did not use retrisval practice whils! accessing any of the leaming resources menbioned above

3@ Since the star of the COVID-18 schoal pandemic undd the present day, far any of the: leaming resounces [Eied below have you used
Interieaved practice (Le. grpaniaing your study tme so that you mix different kinds of problems or toplce within a single study
aeaabon), whilst accessing any of these lmaming resources far schoabvark, sfudy andior revision at heme? Please S all bomas that spply.

™ BEC Biesize

™ Cuizhet

TR

T WIEC website

T ADA websie

T Khan hcadamy

™ Orak Magional fcademy
I Bensca Leaming

I Tuxtbockiquide

M Irformationinobes uploaded by your seachen 5] on your schoals digital l=aming platiorm or ather online platforms such as Googls Classmam
and Microsoft Teams

I Hwh Platonm
r Infermation’noebes in my class bookfolder
T did mot use inbsdeaved practics whilst scoessing amy of the lkaming resources ment oned shove

3h  Sinos the start of the COVID-19 pandemic untl the present day, for any of the leaming resounoes listed below have you used alaborate
ancoding, whilst accessing any of thess leaming resources far schoolwork, sludy andior revision at bome? Please tick all baxes that apply.
Elsharaie encoding imvaies connectimg whal youw are trydng fo feam o what pow alresd) know 8.9 remambering fhe Goiurs,on e 1isihie specinm
by feaming the fobowdng semdence; Richard Of Yo Gave Baiie fn Vain (Reg, Orange, YeNow, Green, Blue, indigo and Waks(]]. These are caifed
IMNEMNCE

™ BEC Bibasize
™ Cluizhet
- TR

[ L]

F WIEC website

M ACH websie

F Khan hcadanmy

F Crak National Acadery

F Sensca Leaming

M Textbockiquide

F Irformationinobss uploaded by your teachens) on your schoals digital l=aming platioem or atber anline platforms such as Gaogls Classmam
and Microsaft Teams

 Hwh Platiorm
F Irformationinobes in my class bookfolder
F 1 did nat wse elabarate &nooding whilst acosssing ary of the leaming resources mentioned above
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The fallawing questions sk you about Bow belpdul you think the leaming resounes and stralegies ana for leaming schoohvoark, study andiar redgion.

4 How efective {i.e., helpiul) da you think the following leaming stralegies are for schoohwork, study andiar revision. Please fick the box that best
desreribes your ansaer.

ok af all Slightly Maderatealy Vary hedoful Extramaly lam nat

hesipdul sl hesipsul Sl sure
Ltsing mind maps r r r r r r
Highlighting or underlining infamasonies: r r [ r [ r
Lhsirgy flasheands r r r r r r
Reaading infermationinobas over and over = F = F = F
Making notes andior gUEEaising information r r r r r r
Spaced practice (spraading your study fime and going r r r r r r
awer the same information;)
Retrieval practios (&.g., answering past paper quesions,
quirras, baing tesled by someans or any ather achvily
which irvalves remembering information fram meamary r r r r r r
without loaking at the infarmation you ane irying o
resrrernbear ).
Wiariehing videos on the subijest ibpic r r r r r r
Listening 1o audio on the subjscl fopic r r r r r r
Infereaved practios [GageRisRgyour shidy time so that

[ r [ r [ r

you mix different kinds of problems or bopics within a
single shudy sesgion)

Elaborate sncoding (irmvolves cormecting what you ane
irying o leann fo what you already know e4.,
remambering the galggsan the visile spactrum by - r - r - r
l=arning the following eestence: Richard OF York Ganee

Battle in Vain [Red, Orange, Yellow, Graen, Blues, Indigo

and Vicket])

5 How eBective {i.e., helpful) da youl think the following leaming resawrces ane for schodbwork, study andior revision. Please tick the bax that bast
describes your answer.

o | S| Moy | S | o

BEC Bitesie r r r r r r
Cluizhet r r r r r r
Tapinfrm r r r r r r
Hiwb Fladarn r r r r r r
WIEC websiie r r r r r r
AL, wehsiie r r r r r r
Khan Acadeimy r r r r r r
Dk Martional Acadeny r r r r r r
Seneca Leaming r r r r r r
Taetbaakiguide F r F r F r
Information/notes uploaded by your seacher(s) an your

sehoals digital leaming platiarm or pther enline platforms r r r r r r
such as Google Classroom and Micresol Teams
Infarmation/nales in my class book andfor folder r r r r r r
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Befane the schod dosures caused by the COVID-18 pandemic, leamers were in schools following their usuasl school imetables We understand that
Imaming schoobwork and shidying &t home durng the COVID=-19 school dosures was very different.

The fallwing questions ask you about the Bme that you might have spent on schoolwark anddar sfudy dirring the COVID-19 school ditsiinas.

0 During the COVID-19 pandsmic think abolt a week when you were lsaming & home all the Sime and did not 9o %o schoal. For that week, how
rany haurs of schoatwark did you do &t hame. Pleass ick OMNE bax. Schoonwiork is &0y work hat your i scher s5kad yolr to 00 snd ghwen io paur by
your ieacher(s) (e, ClaSSWON, oVivE CaS5M00m ESSONE With our feachans]).

Mo

Le== than 1 hour & wesak
1-2 hioline & wesk

2-3 hours & week

34 haurs & wesk

4-5 hairs & week

5 Fours & week

6-7 hours a week

I ore than T houns & wessk

b s I I s R I (R |

08  During the COVID-19 pandemic think about a wesk when you were lsaming at home. How mary hours of independent study did you do at
horme whien your schonl was clased. Please tick OME bax. fepenoent study can be Spenoing some me golng aver ihe schoowwork that pour have
lesmed by yOUrsEH, or 5n) So0iona) wark Mar you sef FouTse io oo,

Mo

L= thar 1 hour & weak
1=2 hauns 2 wiek

2-1 haurs & waek

34 hours & week

4-5 haurs & waek

S+l hours & week

8-7 hours a ek

Mone than T houns a wesk

b s I s T B B e B |
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This section of the survey asks you about your experiences of using digital leaming plabforms and other online lsaming platiorms such as Google
Classroam and Microsoft Teams since the star of the COVID-19 school dosures unkl the presant day.

Your answers will help us to undenstand what we need bo do to suppaort pupls with using digital leaming plagormes. Your answens will also help us ta
i siine schaols know ahout the suppart pupils eed with using online leaming platforms.

T Adthe start of the COVID-19 school clesunas when you started home lsaming, how corfident did you Tesl about using the following digital
lmaming platforms? Please fickl the bax that best descibes yaur answer.

M Cwr schaal

canfidert at Shighly Somevhat ery Extremely | did nat use

Al coanfident canfident canfident confident | this ! We did

et use this
Hwb Pladomn r r r r r r
Micrasoft Teams r r r r r r
Google dasshanm r r r r r r
Moade r r r r r r
Shaw iy homework r r r r r r

FA How confident do you ROW feel about using the following digital lsaming platiorms. Please Sick the box that best daschibes your answer.

Mt Cwr achoal

canfident at Shghily Somevhat Wery Extremely | did nat use

al confident confident canfident confident | this / We did

mat Lise this
Hah Plasamn r r r r r r
Micrasaft Teams r r r r r r
Goaghe dassraom r r r r r r
Moade r r r r r r
Shew iy homework F r r r F r

Th1f you used a differsnt digital leaming platharm o communicabe with your ehosl teachec’s) during the school closures that is not mensianed
aberve, plasss wiite this information in the space below and pleases tick OME bax to show how confident you felt about using that leaming platform.

How confident did you feel about using this Haw confident do yau MO
digital learning platform? Please tick OME optian thits digital learning platform. Bk,
alorigaide sach box you write in alangside sach bax g,
- . i bot. | o Siightty | Somewhat | Very | Extremely | Sighty | Scenewhat
Ease wrile your answer(s) in the spaos .
- = ! uiOen! | corfident | confident | corfident | confident | Oy corfident | confident
Flerss
wrile
o r r r r r r r r
answer
ineach
bt
Plisarsa
Wil
e F r r ( r r F (nd
ansaer
ineach
b
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Plaase
write

AnEwer
in aach

Plaase
write

ANERWer
inaach

Plazse
wrile

ANERWer
ineach

4 Afthe start of the COVID-13 school closures, how confident did you feel about each of the fallawing aspects of learning ? Pleass tick the box
thar! bast describes palr answer.

Mat confident at all Slightly confident Somevha Wery canfidant Extremely corfident
canfident
Learning schoolwork an my own
autside of scheal without help fom r r r r r
eshoal leachur(s)

Wsing online leaming resounces r r r r r
Wsing thee intemat for finding

efactive (Le_, halpiul) leaming r r r r r
rEsaUrces

Lhsiryg eflactive (i.e., avidence- r - r = r

nfamed) leaming stalegies

Wsing thee intemat for finding

wBuctive (e halpful] leaming r r r r r
siralegies

Lsiryg offine learming resounoes

[ 3., etk shudyirevision r r r r r
guidag)

Studying on my own outside of

schoal {i.e., doing work afber than r r r r r
homesvork)

Ravising on my awn in prepanation

for class jests pwiarnal axams at r r r r r
home

88 How confident do you MOW fael about aach of the following aspects of leaming? Plaase tick the bax that bast describes your answer.
Mat confident &t all Slightly canfident xﬁ Wary canfidant Extremedy corfident

Learning schoolwork an my oam
aitside of seheal without help fom r r r r r
sshosl laachus)

Wsiryg online leaming resounces r r r r r
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=l
Lsiryg the intemat for finding
afective (e, halphul) leaming r r r r r
MEsaUrees
iy efective (i.e., avidence- r r r r r
nformed) keaming stralegies

Lsiryg the intemat for finding
afective (e, halphul) leaming r r r r r
sirafegies

Lsiryg offine learming resources
f.g3., tethonks, shudyirevision r r r r r
quides)

Studying on my oan culside of

sehosl {i.e., doing wark athar than r r r r r
hormeswork)

Reavising on iy awn in preparation
Jor class lests) exiernal axams at
hione

The fallawing questions ask you about the leaming strategies meantioned in the questions shove. To See the strategies again click on More Inda.

2 Hyou know abaut any of these laaming sfrategles, plesss el us whers you found out abaut Siem? Pleass tick all boxes that apply.

& More info

[ Schoal ieacher(s)

I Schoal studyfrevigion fior

™ School studyirevision support Gagipe.,

F Parenisizaems,

F Friendisppeers

™ Orlire (o0, kearning rsouroos, social media)
™ Private tfors)

Q8 [fthere are any cher people or plaos(s) where you have leamed about leaming strategles, please write is in the space below.

The fallowing questions ask yau about the lsarning resourses mentioned in the questions abave. Ta seea the resources again click on Marne |rda.

10 If you kraw about any of these snlineiofline leaming reeources, please jell us whene you faund out about them? Please tick all baxes that
apply.

& More infio

I Schaal ieacher(s)
I Schaal studyirevision fuars)

I Schaal studyiresision supgpeet Cenire

I Parentsiapers

I Friend{ghpess

I Orline o, karning reseuross, social midia)
I Private iearz)

ThE  Hthere are any ather peaple or place(s) wherne you have leamed about l6arming reeoUrces, please wribe this in the space below.

The following survey questions are about leaming at school.

11, Imagine that you are planning to study andior revise for some information that you have lsamed in school. Please Sck the aption that best
describies why you might use retrieval practice to sudyireviss the information that you have learned in school. Reoreval
pracuice includes snsWerng past paper queshions, quizaes, baing fesed by someons else o any cther Sclivly wilch invalves remembearing
anformation from memory wihoo! fooking at the nformation that Jou are dng fo remamber. Please anly tick OME apfion.
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 Using refrieval practice when | studyirevise will help me o know how well | have leamed the informatian.
 Using ratrieval practios when | studyrevise will belp me o learn and remembar the information.
| da not tink Lsing refrieval practios when | studyreviss will belp me learn and remember the infomation.

12 Imagine that you ane planning o study andior revise for some information that you hawve leamed in school. Please Sdk the aption that best
describes why you might space out [Le., spread out) your studyinevision sessions. Pleass only tick ONE opfion.

" Spacing aut my studyirevision sessions aver muliple dayshwesks will hely me o lsam more infamaton.
" Spacing out my studyiredision sessions over muhiple daysisssks will helg me bo leam and remembar the informatian

1 d ot think spacing eut my stidyrevision sessions over multiple daysiveeks will belp me % lsam and rememrber the infamation.

13 Which of fie following stralegies do you think ressarch has found 1o be batter for long-term refention of matedal {i.e., for remembering
irformation), #ssuming the iotal amaourt of shidy is the same? Please anly tick ONE aplion

 Studying the material in multiple ssssions af shoer durasian
" Studying the mabarial in one longer sessian
" Bath strategies ane equally effective (.e., heiptul)

T4 Imagine that you ane planning o study andiar revise for some information that you have leamed in school. Please Sdk the aption that best
describes why you might U Ngahcards to studyneviss the information that you have learmed in school, Pleass only tick (NE option.

" Using fashcards when | study/revise will help me to leam because it allows me 1o read the information over and over.

" Using flasheards when | studyirevise will help me bo leam becasss it allows me o grgcige bringing the answear o my mind.

" Using flashcards when | study/revise will help me 1o lsarn because i bel ps to break up the information into smaller amaunts to grackse,
| da nat think using flasheards when | stusbreviss will Belp me bo leam the information,

15 Imagine that you ane planning o study andior revise for some information that you have lkeamed in school. Please Sck the aption that bast
describes why you migiht use mind maps when you shudyinevios the irdormation that you heve l=amed. Pleass anly tick ONE option.

" Using mind maps when | shodyreviss will help me o learn because i allows me to read the infarmation over and auer.

" Using mind maps when | shudyiresise will belp me o leam because it alows me 1o grackisehringing the information to my mind

" Using mind miags when | studyireviss will belp me bo identify e main togic and link this o related iopics, with words hat make sense b me.
| do nat think using mind maps when | stedyrevise will balp me 1o learm the infarmation.

308



EVALUATING EVIDENCE-INFORMED LEARNING STRATEGIES FOR IMPROVING
LEARNING IN SCIENCE

Thiis is $he final Saction of the surdey.

The fallawing qisestions ask you about the support for pupils with schodbwork, shidy andfor revision during the COVID-19 schaol dosures Unkl the
present dary.

10 Dwring the COVID=19 school closunas, how helpful was the suppart you received from pour school for the following aspects of home leaming.
Pleass tick the bax that best describes your answear.

Mot at all helphal | Seenewhat helphul | Maderately helgh Viery helpful Extremely ekl

Uksing ywour schoals digital leaming r = r = F
platform

Lksirg ather anline plathorms such

as Google Classroam, Microsoft

Taamns to sccess sdhoakbvork r r r r r
andion communicate with your

schoabaachuds]

17 Iz there anything else that yau find particulary healpbul that you used ba leam schoolwark, study andior revise at bame? This can be things in
addition 1o onlinafoffline leaming resources. Please write your answer in the space below,

18  Da you think that you shauld be provided with information sbout effective leaming strategies andiar leaming resounces to help yau with
schoatwark, studyresision in the event of any fulure school clasures? Plaase tick the box

r Yes
r Mo

10 Wauld you be imerested in receiving infarmation abaut effective (ie, avidence-informed) learming siralegies andior lsaming resounces that wil
hielp you to keam schoolwark, studyineviss effectively? Pleass tick $he box.

r Yes
r Mo

20 What year group ane you in? Please ok the bo.

 Year 10
" Year 12
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Appendix S. Frequency outcomes for survey items (Appendix E)

Table S. 1 Weighted percentage scores for learner responses to the survey questions, “At the start of the COVID-19 school
closures, how confident did you feel about each of the following aspects of learning” and, “How confident do you now feel about
each of the following aspects of learning”?

Not confident at Slightly Somewhat Extremely

Study skill

all

confident

confident

Very confident

confident

% (SE)

% (SE)

% (SE)

% (SE)

% (SE)

Learning schoolwork on my
own outside of school
without help from school
teacher(s)

Before

21.1 (5.1)

25.7 (5.2)

30.1 (5.6)

16.1(4.3)

7.1 (3.1)

Learning schoolwork on my
own outside of school
without help from school
teacher(s)

Now

5.8 (2.9)

13.5 (4.0)

31.4 (5.7)

34.0 (5.8)

15.4 (4.4)

Using online learning
resources
Before

13.4 (4.3)

15.4 (4.4)

39.2 (5.9)

26.9 (5.5)

5.1 (2.5)

Using online learning
resources
Now

7.1 (3.1)

8.3 (3.3)

23.7 (5.1)

37.2 (5.9)

23.7(5.1)

Using the internet for
finding effective (i.e.,
helpful) learning resources

9.7 (3.8)

21.4 (5.0)

37.1 (5.8)

19.4 (4.9)

12.4 (3.9)
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Study skill

Not confident at
all

Slightly
confident

Somewhat
confident

Very confident

Extremely
confident

% (SE)

% (SE)

% (SE)

% (SE)

% (SE)

Before

Using the internet for
finding effective (i.e.,
helpful) learning resources
Now

9.0 (3.6)

6.4 (2.8)

33.4 (5.7)

34.0 (5.8)

17.3 (4.6)

Using effective (i.e.,
evidence-informed) learning
strategies

Before

23.7 (5.3)

25.0 (5.3)

30.8 (5.5)

12.2 (3.9)

8.3 (3.3)

Using effective (i.e.,
evidence-informed) learning
strategies

Now

7.7 (3.4)

21.8 (5.1)

25.7 (5.2)

25.0 (5.2)

19.9 (4.9)

Using the internet for
finding effective (i.e.,
helpful) learning strategies
Before

19.8 (5.0)

18.0 (4.6)

35.9 (5.8)

19.3 (4.7)

7.1 (3.1)

Using the internet for
finding effective (i.e.,
helpful) learning strategies
Now

9.8 (3.9)

9.9 (3.6)

29.0 (5.5)

32.2 (5.8)

19.1 (4.9)
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Study skill

Not confident at
all

Slightly
confident

Somewhat
confident

Very confident

Extremely
confident

% (SE)

% (SE)

% (SE)

% (SE)

% (SE)

Using offline learning
resources (e.g., textbooks,
study/revision guides)
Before

16.9 (4.7)

17.0 (4.6)

29.5 (5.4)

26.8 (5.5)

9.8 (3.6)

Using offline learning
resources (e.g., textbooks,
study/revision guides)
Now

9.6 (3.8)

9.0 (3.3)

23.7 (5.1)

35.3 (5.8)

22.4 (5.1)

Studying on my own
outside of school (i.e.,
doing work other than
homework)

Before

21.1 (5.1)

26.3 (5.3)

17.3 (4.5)

23.7 (5.1)

11.5 (3.9)

Studying on my own
outside of school (i.e.,
doing work other than
homework)

Now

8.3 (3.3)

12.2 (3.9)

26.9 (5.4)

32.0 (5.7)

20.5 (4.8)

Revising on my own in
preparation for class tests,
external exams at home
Before

20.5 (5.0)

19.9 (4.9)

30.2 (5.5)

19.9 (4.9)

9.6 (3.5)
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Now

external exams at home

. Not confident at Slightly Somewhat : Extremely
Study skill all confident confident Very confident confident
% (SE) % (SE) % (SE) % (SE) % (SE)
Revising on my own in
preparation for class tests, 9.6 (3.5) 10.3 (3.5) 25.0 (5.3) 34.0 (5.8) 21.2 (5.0)

Table S. 2 Weighted percentage scores for learner responses to the survey question, “During the COVID-19 school closures, how
helpful was the support you received from your school for the following aspects of home learning”?

. . Not at all Somewhat Moderately Extremely
Learning activity Very helpful
helpful helpful helpful helpful
% (SE) % (SE) % (SE) % (SE) % (SE)
Using your school’s digital
learning platform 12.9 (4.3) 23.8 (5.3) 40.8 (6.1) 15.7(4.4) 6.8 (3.0)
Using other online platforms
such as Google Classroom,
Microsoft teams to access
schoolwork and/or 4.1 (2.3) 18.4 (4.7) 36.1(5.9) 21.7(5.4) 19.7 (5.0)
communicate with your school
teacher(s)
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